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PREFACE. 



There is no need to expatiate here on the aim of such 
a simple volume as this. Suffice it to state that the little 
book is a laboratory book, even in the sense that it has 
been written virtually in the laboratory, and in direct 
response to its wants. It has been used here in one form 
or another for upwards of a year. With the 'Practical 
Medical ' and ' Practical Evening Qasses ' it serves us as 
the text-book on the subject ; with the laboratory student' 
proper, as an introduction to my 'Manual of Analysis/ 
The little book has thus had the benefit of being tested by 
experience before publication, and I may say that it has 
stood the test well, and been of great service. I trust it 
will prove equally useful to those of my confreres who 
may adopt it as a text-book. 

To my demonstrators and some friends I am indebted 
for the elimination of several slips that had crept into the 
* original copy,' and for the introduction of some valuable 
amendments. 

The book is not expressly intended for self-tuition; 
but, through the unqualified directness of its teaching, I 
hope it will satisfy the wants of even such students as only 
occasionally enjoy the benefit of the advice of an expert 

W. D. 

Anderson's College, 
Slumber 1879. 
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ANALYTICAL CHEMISTRY. 



EXERCISES IN ULTIMATE ANALYSIS 
BY DRY-WAY TESTS. 

Elements eliminated by Heat, and recognised by their 

Properties. 

1. PLACE a small quantity of mercuric oxide, HgO, in the 
bottom of a ^ sublimation-tube ' (a tube of hard glass, closed 
at one end, about four mches long and a quarter-inch wide), 
and heat it The compound will break up into oxygen, 
which escapes, and into vapour of metallic mercury^ which 
condenses, in the colder portions of the tube, into metallic 
globules, liquid even at ordinary temperatures. 

2. Place a small fragment of iodine in a sublimation- 
tubcy and heat it gently in a gas-flame. The iodine is 
volatilised and changed into an intensely violet vapour, 
which, in the upper parts of the tube, wiU be condensed 
again into a solid, identical with the original substance. 

3. Heat some iodic anhydride (I2O5) in a (not too 
narrow) test-^tube* Violet vapours of iodine make their 
appearance and condense in the colder parts of the tube, 
whikf at the same time, oxygen is liberated, which can be 
recognised by its property of inflaming a glowing splinter 
of wood. 

4k Make a loop at the end of a thin platinum wire ; heat 
this loop in the flame of a Bunsen's lamp, and dip it, 
quickly, into some powdered carbonate of sodium (NagCOs), 
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when some of the salt will adhere to it Heat the salt ia 
the outer portions of the flame ; it first melts, and is then 
gradually volatilised ; the vapours are decomposed witl% 
formation of metallic sodium, which imparts to the flame an. 
intensely yellow colour. When viewed through an ordinary 
laboratory spectroscope, the flame is found to give a 
spectrum consisting of one bright yellow line. The sodium 
vapours formed in this experiment cannot be condensed 
and collected ; yet the one physical property referred to is 
sufficient to identify the metal with perfect certainty. What 
is here stated for carbonate of sodium holds good also for 
most of the other salts of this metal 

6. Repeat exercise, sect 4 ; substituting for carbonate of 
sodium, successively, a salt of 

abed e 

lithium I Potassitun | Strontium* | Barium* | Thallium 

Convenient salts for this purpose are, respectively, the 

Carbonate | Carbonate | Sulphate | Chloride | Chloride 

In each case the flame will assume a colour characteristic 
of the metal; the colours are, respectively. 

Crimson I Violet i Crimson Yellowish | Pure green 
I I gi«en I 

Examine each flame with the spectroscope, and satisfy 
yourself that the spectra agree with the diagrams in the 
hancfbooks of Chemistry. 

6. Heat, in a sublimation-tube, a small fragment of 
arsenicum. It volatilises without previously fusing, and the 
vapours condense into a ring-shaped metallic-looking sub* 
limate, firmly adhering to the glass (a * mirror'). 

Application of Heat and Reagents. 

7. Place a fragment of white arsenic (arsenious anhydride^ 
AsgOs), about half the size of a pin's head, in the bottom of 
a sublimation-tube, previously drawn out into a narrow tail 
about two centimetres long and two millimetres wide ; drop 

* In Uie case of Barium and Strontium, a kair-firu platinum wire must be 
used, in order to maintain a temperature sufficient for the volatilisation of the 
compound. 
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ibto the tube a splinter of recently ignited charcoal shaped 
so as to stop up the conical part of the tube ; and heat, first 
fhe charcoal until it is red-hot, and then the arsenic so that 
its vapours are driven through the red-hot charcoaL The 
charcoal, substantially consisting of carbon, C, takes away 
the oxygen of the compound, and the liberated metallic 
arsenic is deposited at some distance above the charcoal in 
the form of a mirror precisely similar to the one produced 
in exercise, sect 6. 

8. Heat a small quantity of calomel (HgQ) in a sub- 
limation-tube. It is volatilised, and yields a sublimate 
identical with the original substance. 

9. Heat, in a sublimation-tube, a mixture of calomel with 
about three times its bulk of carbonate of sodium, A sub- 
limate of metallic mercury is produced (comp. sect. i). 
The chlorine of the calomel remains in the residue as 
chloride of sodium. 

10. Fuse on the end of a platinum wire, which has been 
previously bent into a loop (comp. exercise, sect 4), a small 
quantity of borax^ and heat the salt until it becomes a trans- 
parent colourless globule (' a borax bead '). Place on this 
bead a very little binoxide of manganese (Mn02), ^^^ ^^^ 
expose it to the very tip of a blow-pipe flame containing an 
excess of air (an ' oxidising flame.' Such a flame is pro- 
duced by placing the nozzle of the blow-pipe deep into the 
gas-flame, and then blowing rather hard, so that a non- 
luminous conical flame is produced ; only the tip of the 
flame is sure to contain an excess of oxygen). The oxide 
of manganese dissolves in the borax and forms a bead, 
which, after cooling, appears violet, the colour being due to 
a compound of boracic acid, B02O3 with the oxide Mn203. 
Now heat the bead in a reducing flame, taking care that 
the bead is entirely enveloped in the flame. By a 'reduc- 
ing flame' is understood a flame containing an excess of 
combustible gas, that is, more gas than can be burned by 
the air in it As long as a blow-pipe flame is luminous, 
however slightly, it has reducing properties. If heated in 
this manner for a sufficient time, the bead^ after cooling, 
appears colourless^ containing now a compound of boracic 



to 
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acid with tbe oadde MnO. The bead, when agsdn heaMI 
ki an oxidising flame, teassumes its original violet coloinr, 
and may then be decolourised again by a reducing flame^ 
and so on. 

IL Repeat this exercise, substituting successively oxides 
of the metals to be named for binoxide of manganese. The 
effects will be as follows : 

COLOUR OF BOXAX BEAD WHEN P&ODTTCXD VX 





THx oxmisxNo ruaa. 


TKB xxnuaNO nuiMS. 


^L^^#^J^aaha • k aWk m » m mm » tlm^ 


Intensely blue* 
Emerald green* 


Intensely blue. 
Emerald green. 


^t^^^ ^i^^mm^m • ■ ■ W9 ••• V9V WV 

• 

Chrominin 


Molybdenum.*. . ... 


Yellow in the heati 
colourless when cold. 


Dark brown. 


Nirlrel ..•...••...... 


Reddish, very faint 


Gray from finely di* 
vided reduoedmetaL 




after cooling. 






On continued blow- 
' ing, the metal agglo- 






merates, leaving a 






clear bead.* 


Tton., 


Hot! yellow. 
Cold: colourless or 


Botde green. 


^km ^y > 9Sv VvvvVV ■•■vw ■■■ 




pale yellow. 




Copper. 


Green ; after cooling, 


Brown • red, a&d 




blue. 


opaque.* 


1% Mix a few 


centigrams (say about twice the size of a 



pin's head) of orttie of copper (CuO) with two or three 
times its bulk of carbonate of sodium^ and heat the mixture 
on charcoal by means of a blouthpipe in a reducing 
flame. After some minutes' heating, break off the fused 
mass along with those parts of the charcoal which are 
impregnated with the 'flux,' and triturate the whole in an 
agate mortar, first with one drop of water, then with more, 
and lastly, pour off all that does not readily subside in the 
water. Small flattened particles of metallic copper will be 
obtained, possessing the characteristic colour of that metal 
13. Repeat exercise, sect X2, witii oxide of iron, or oxide 
of cobidi^ or oxide of nickel instead of the copper compound. 
Yott wHl obtain &e respective metal in the shape of a 

* Tbft leduetlaa soooeedi best on additton of scmie eodde of tin. 
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taivy gray powder, devoid, on account of its lelative infiisi- 
Wkyj of metallic lustre, but endowed with the property^ 
characteristic of the ikree metals, of being attracted by a 
magnet. When brought into contact with a magnetised 
penknife, the metallic particles stick to it so that they can 
be lifted out of the mortar as a coherent lump. To shew 
that it is not the water which cements the particles of metal 
together, dry them at a gentle heat over a gas-flame, then 
remove them from the blade by letting the latter pass 
through between your thumb and forefinger, and then again 
touch them with the point of the knife. They will rise up 
and stick to it and one another, forming a beard-like cluster 
of filaments. This property of being attracted by a magnet 
combines iron, nickel, and cobalt into a genus, and enables 
them to be distinguished from all other metals. How the 
three metals may be distinguished from one another was 
shewn in Exercise ii. The finely-divided metals, when 
heated in a borax bead by means of an oxidising flame, 
soon pass into the condition of oxides, or rather borates. 

14. Repeat Exercise 12 with oxide of antimony^ Sb208, 
instead of oxide of copper. Metallic antimony will be pro^ 
duced, and in the elutriation process be obtained as a 
heavy metallic powder;(the metal being very brittle), But as 
antimony is volatile at a red-heat, a considerable portion of 
the reduced metal volatilises, and in passing through the 
flame gets oxidised into SbgOs, of which a portion is 
deposited on the charcoal as a white crystalline oxide ring. 
By continued blowing, the whole of the antimony can be 
volatilised in a short time. 

A^<?/a— Of other metals which, like those treated of in the 
last three exercises, are liberated from iheir oxides by the 
operation illustrated, the following may be named : 

Iflu (i) ZinCt Cadmium. — These are completely volatilised, 
with formation of abundant oxide films. In the case of 
zinc^ the film (ZnO) is yellow in the heat, but white after 
coding. When moistened with cobalt solution and heated 
fttzongly, it is converted into a compound which, after cool* 
ingf is intensely green. Cadmium: the film (CdO) is 
brown. 
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16. (2) Lead^ Bismuik, Tin, — ^These, being easily fusible 
are (as a rule) obtained as ' beads/ A small portion of the 
metal volatilises with formation of a film. In the case of 





Pb. 


Bi. 


Sn. 


The bead is 


Ductile. 


Brittle. 


Ductile. 


Thefihnis 


Yellow. 


White.* 



17. (3) Silvery Gold, — These behave pretty much like 
copper. Obtained by elutriation as 'scales/ which in the 
case of 



Are 

There is , 



Silver. 


Gold. 


White. 


Yellow. 


Hardly any No 
Oxide film. 



18. (4) Platinum: obtained by elutriation as an infus* 
ible, heavy, non-magnetic powder. No film. 

19. Take a few centigrams of sulphate ofbarytay BaS04| 
mix it with carbonate of soda, and heat the mixture on 
charcoal as shewn (for CuO) in Exercise 12. The sulphate 
is reduced with formation of (carbonate of baryta and) 
sulphide of sodium, and hence the fused mass, when placed 
on a silver coin and moistened with a drop of water, pro- 
duces a dark-brown stain of a sulphide of the coin-metaL 
This test applies to all non-volatile sulphur compounds. 

Atmospheric or other Oxygen as a Reagent, 

20. Take a small fragment of iron pyrites (FeS2), and heat 
it in a draught-tube held slantingly over a Bunsen, so that 
the substance while being heated is exposed to a slow 
current of air. A part of the sulphur of the ore burns into 
sulphurous-acid gas, SO^, which is recognised by its 
diaracteristic smelL 

This is another sulphur test which, however, applies 
only to metallic sulphides^ and is not absolutely general 
even for these. 

21. Repeat exercise, sect 20, with a fragment of (native) 
arsenide of nickel instead of the pyrites. Part of the 
arsenic of the ore is oxidised into arsenious acid,^As208} 

• Becomes bluish green when heated with oobalt-solutton. 
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which volatilises and condenses in the colder parts of the 
tube in the form of a characteristic-looking sparkling 
crystalline sublimate (which may be identified as shewn in 
sect 7). This test applies to a vast number of other heavy- 
metallic arsenides. 

22. Produce a carbonate of soda bead on a platinum wire^ 
and next observe its appearance, {a) in the heat, (fi) in the 
cold. Then attach to the bead a few milligrams of any 
oxide of manganesey heat the whole in the oxidising flame for 
a few minutes, and allow to cool completely^ The bead now 
—containing the manganese as manganate, MnOgNajO — 
exhibits a very intense and characteristic bluish-green 
colour. 

This test applies to all non-volatile manganese com- 
pounds without exception. 

23. Apply the operation illustrated in 22 to oxide of 
chromium^ CrgOs, taking care, however, to add a little 
nitrate of potash to promote the process of oxidation. The 
bead produced, containing the chromium now as alkaline 
chromate, K20Cr03, exhibits a characteristic yellow colour, 
and when treated with a few drops of water (in a watch- 
glass) yields a still more intensely yellow solution. 

This is a perfectly general test for all non-volatile 
chromium compounds. 



5i4 After these exercises a number of lessons should be 
devoted to a practical examination, in which the student 
receives a series of unknown substances (selected so that 
something regarding their nature can be learned by means 
of the methods which he has become acquainted with)^ 
and is directed to report on each in writing, according to 
the following schema : 

(i) Observations on colonr and other general properties. 

(2) Behaviour of substance when heated {a) by itself in sablima- 
tion-tube; {b) on platinum wire in a Bunsen's flame; (c) on 
charcoal ; {d) in draught-tube. 

(3) Behaviour of substance when heated with carbonate of soda 
(tf) on charcoal ; {b) on platinum wire. 

(4) Colour of borax bead* 
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EXERCISES ON SALT REACTIONS. 

REACTIONS OF THE ORDINARY MINERAL ACIDS 
AND 'CAUSTIC' BASES, 

Sulphunc AcuL 
{a) Its FroperHes. 

• 

25. Procure a 8Uf^l)r of pun oil of vitriol (which may 
be taken as consistiog of H8SO4), and observe : Its oily 
consistence ; its high specific gravity ; its high boiling-point 
(by heating a few drops in a test-tube) ; the thick heavy 
clouds formed when its vapour is produced in air (by 
volatilising^one drop on platinum foil) ; its charring action 
on wood or cane-sugar ; its violent action on water. 

26. Place about 20 cc. of dilute sulphuric acid in a 
beaker, colour it red with litmus solution, and then add, 
drop by drop, of a solution of caustic soda, NaHO, with 
continuous stirring, until the acid reaction is just destroyed* 
and no more. 

: Repeat the experiment, using litmus-paper (instead of 
litmus solution) as an indicator. 

27. Saturate dilute sulphuric acid in a beaker with solution 
i)f carbonate of potash (or soda), KgCOs (orNajCOj), in two 
ways^-namely, first, by adding the acid to the alkali in the 
cold until the CO2 begins to come off freely, and then finish- 
ing in the heat ; and secondly, by adding the alkali to the 
acid — ^finishing in the heat as in the first case« 

. 28. Place in separate test-tubes small quantities of (a) 
chloride of sodium, NaCl ; ip) nitrate of potash, KNO| ; 
if) acetate of soda (we mean the salts themselves, not solu- 
tions) ; add to each a few cubic centimetres of oil of vitriol, 
and observe the effect, first without, and then with, applica?- 
tion of heat. In each case the respective acid— in («) HCl ; 
in ip) HNOs ; in (^) H(C2H802)— being more volatile than 
sulphuric, will be set free as a vapour. Report your 
observations ; explain the several reactions by equations, 
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find formulate the gmiexal principles which you think are 
meant to be illustrated. You will readily understand that 
the effects produced by the vitriol are owing simply to 
its being a strong, and relatively non-volatile acid. The 
following exercises illustrate specific properties of the acid : 

(h) Reactions of Sniphatef* 

29. Saturate dilute sulphuric s^cid with baryta water 
[solution of Ba(0H)2]. The sulphate produced (BaSO|) 
comes out as a heavy, powdery, white precipitate, which, 
unlike any other baryta-salt precipitate^ is absolutely 
insoluble in water, and almost insoluble in even hot dilute 
acids. 

30. Take a solution of {ft) sulphate of soda; (^} jdios- 
phate of soda, and to each add chloride of barium. In (a) 
a precipitate of sulphate, in ip) one of phosphate of baryta 
is produced. Now add hydrochloric acid to both miactures ; 
the phosphate (fi) dissolves ; the sulphate remains* 

(c) Sulphwrifi Acid as a Reekgent^ 

81. Take solutions of the following salts : (a) chloride of 
strontium ; {p) nitrate of lead ; (^) mercurous nitrate ; {ft) 
chloride of calcium ; {i) chloride of magnesium ; and to 
each add dilute sulphuric acid. The effect is as follows : 



Hg,0, 

The bulk* 



SoL of (BaO),SrO,PbO. 

The whole * 
of the metal is precipitated as a sol- 
phate» MOSOgyf insoluble^ or almost so, 
ia the acid liberated. 



CaO,MgO-Salt 

No predpitate. Add 
\ voL of alcohol ; 
the Ca is precipi- 
tated; the Mg re- 
mains in solution. 



Verify these statements as far as you are able. Take 
note of the fact, that what was stated for MgO-salt holds 
for the salts of any (ordinary) metallic base not BaO, SrO, 
PbO, HgjO; and you will understand how to use sulphuric 

* Supponng a nffidency ofrtiiseot to have been added, 
t ' M ' here stands as a general symbol for Ba, Sr, Pb, Tif^ 
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acid as a generic precipitant for these bases, and even as 
a specific test for CaO. 

Hydrochloric Acid^ HCl {syn, : Muriatic Add). 

{a) Its Properties, 

32. Take a few decigrams of common salt, NaCl, and treat 
it in a test-tube with oil of vitriol : dense fumes of hydro- 
chloric acid (HQ, or rather a mixture of HQ and H2O) 
will come off. Observe the action of these fumes on your 
respiratory organs, on litmus ; on ammonia-gas, NH3, by 
letting them strike against a glass rod moistened with 
aqueous ammonia. 

33. Examine a specimen of fuming muriatic add (aqueous 
acid containing, say, 30 per cent or more of H Q). Heat some 
of it in a test-tube to boiling, and observe the effect Then 
dilute some of the acid with five times its volume of water ; 
again heat to boiling, and examine the vapours with litmus- 
paper. You will find them to be neutral, shewing that they 
consist of pure steam. Remember that hydrochloric acid, 
although a gas, is not volatilised from sufficiently dilute 
aqueous solutions on boiling. In fact, considering it as a 
wet-way reagent, it is a non-gaseous, relatively little volatile 
acid. It accordingly readily decomposes carbonates and 
sulphides, with evolution of carbonic-add gas and sulphu- 
retted-hydrogen gas respectively. Verify this by trying the 
action of the aqueous acid on marble and on sulphide of 
iron. In either case the chloride (CaCl2yFeCl2) formed 
remains dissolved. In fact, all muriates (chlorides corre- 
sponding to basic oxides) are soluble in water, with a few 
txceptions. 

(3) Reactions of Chlorides. 

34. Take solutions of the nitrates of {d) silver oxide, 
Ag20 ; (b) mercurous oxide, HggO; (^)lead oxide, PbO ; {d) 
cupric oxide (any other salts of the same bases will do, 
if only soluble in water or dilute nitric add), and examine 
the action on them of hydrochloric acid. The effects are 
as follows : 
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w 


(^) 




w 


id) 


Ag,0. 


HgaO. 


PbO. 


CuO* 


The whole 


Almost the whole 


None 




of the metal is precipitated. 


Precipitated 


AgCl 


HgjCl, PbCl, 


is a 


curdy 


powdery crystalline 




white precipitate. 




Insoluble | Soluble 








in boiling water. 



(r) Hydrochloric Acid as a Reagent, 

35. Hence, supposing a solution of metallic salts, for 
example, nitrates, gave a precipitate with hydrochloric acid, 
this precipitate could contain only the muriates of Ag20, 
HgjO, PbO ; other bases, if present, would remain dissolved. 
Supposing such a solution to have been precipitated with 
HCl as far as possible, the precipitate filtered off, and the 
filtrate then were found to give a strong precipitate with 
sulphuric acid ; what might that precipitate consist of? 
Another query : Supposing a solution of, say, nitrates gave 
no precipitate on addition of sulphuric acid, but gave one 
on addition of hydrochloric ; what would this prove ? 

36. Of the three insoluble chlorides named in 34, the 
silver salt is in the highest degree insoluble in water and 
acids, hence nitrate of silver is a better precipitant for 
chlorides than salts of either Hg^O or PbO are. But a pre- 
cipitate produced in a salt solution by AgNOs must not be 
taken as indicating chlorides unless it proves insoluble on 
addition of nitric ; and even then, all that is really proved is 
that the solution contains a salt or salts of a certain class of 
acids, of which, however, hydrochloric is by far the most 
commonly occurring. To illustrate this : 

37. Take solutions of {d) chloride ; ifi) bromide ; (^) 
iodide; (//} phosphate of, say, sodium or potassium, and 
add to each nitrate of silver. All the solutions will become 
turbid. Now add nitric acid to each : the phosphate 
dissolves, the chloride, bromide, and iodide remain un* 
dissolved. 

* Or any other base not a» ^ or A Observe that salts of HgO are not 
predpiuted by HCL 

B 
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NUnc Acid, HNO, 
(«) ^ pnpertia at smck, 

38. Procare a sopply of ' famhig nitric add of 1-5 sp. gr.' 
This preparation is generally' daik-farown from dissolved 
N2O3 ; if colourless, you may accept it as a sufficient 
apology for real HNO9. Observe its properties : its heavi- 
ness, its action on a feather or on your epidermis) ; its 
apparent non-action on cotton-wool ; the fumes which it 
emits in air ; its action on water. 

Dilute some with its own volume of water; the nuzture 
no longer emits fumes. Dilute further to, say, 10 times 
the original volume ; the solution now, if the original acid 
was brown, no longer has any colour; (the N,0, having 
been decomposed by the action of the water into nitric add, 
HfONsOs, and nitric oxide, NO) ; when boiled, it emits 
neutral vapours (of steam). 

39. Observe the action of dilute nitric add on caustic 
potash, ammonia, carbonate of soda, marble, CaCOg. 
Explain reactions by equations. 

(5) Its Oxidising AcHan^ 

40. Study the action of dilute nitric acid (of 1-2 sp. gr.) 
on small specimens of copper, lead, silver, platinum, gold. 

41. Dissolve a bit 'of iron in dilute sulphuric acid, to 
produce FeSO^, add a few drops of nitric acid, and heat 
The liquid soon assumes a black colour and then clears 
up with evolution of nitric oxide, NO, and formation of a 
solution of ferric sulphate, Fe2(S04)s. The reaction consists 
in this, that the H2 of some of the free H2SO4 in the 
solution is oxidised away, and the SO4 liberated combines 
with the Fe2(S04)2. (Give equation.) In a similar manner 
nitric acid acts on many other substances capable of taking 
up oxygen (or additional acid-radicle)k 

48. Mix fuming hydrochloric acid with nitric add of 
1-4 sp. gr., and heat The hydrochloric add is oxidised by 
the nitric with formation of NO (which escapes and forms 
red fumes), of a volatile chloride, N0,C1, and of free 
chlorine. For ordinary analytical purposes^ it is sufficient 
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to observe that the HCl is dehydrogenised by the nitric 
acid with formation of chlorine. Again produce some of 
the mixture^ and let it act upon gold-leaf ; the gold dissolves- 
as AuCls (hence the name of ' aqua regia '). 

(c) Reactions of NiiraUs* 

4a Take note of the fact that nitric add forms no in- 
soluble normal salts with any ordinary base ; but observe 
also that many nitrates are insoluble in strong nitric acid. 
[Thus, for instance, when lead is treated with excess of 
nitric acid of 1-2 sp. gr., the nitrate, Pb(N08)2> formed 
separates out as a crystalline powder; when nitrate of 
barjTta solution is poured into nitric acid (c^ i*2 sp. gr. or 
more) a precipitate of Ba(N0s)2 is produced, which di&> 
appears on addition of much water.] Hence we have no 
precipitant for nitric acid ; yet nitrates can be easily recog- 
nised — ^by the following tests : 

44. (a) Take a little of a dilute solution of, say, potassic 
nitrate ; add a drop of indigo and some sulphuric acid ; there 
is no change, but on heating, the blue colour is destroyed : 
by a process of oxidation ; hence the test only reveals the 
presence of loose oxygen, which needs not necessarily be 
thefe in the form of HNO3. More characteristic is the 
following test : 

45. ifi) Take a little of a solution of a nitrate, add its own 
volume of oil of vitriol, allow to cool, and then pour on the 
top of the mixture some concentrated solution of ferrous 
sulphate. The ferrous-salt layer soon assumes a character- 
istic brown colour, owing to NO liberated from the nitric 
acid. This test proves the presence, at the same time, of 
oxidised nitrogen and loose oxygen, and hence goes further 
than (<i) ; in fact, it proves tiie presence of nitrate or of 
nitrite. 

Caustic Potash and similar Basic Hydrates^ 

4€u Procure specimens of solid caustic potash; of solid 
caustic soda ; of baryta, BaO ; lime^ CaO (quicklime)* 
Observe their general properties ; their behaviour (d) when 
exposed to ordinary air, ip) when treated with water* . . 
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47. Caustic potash and soda readily dissolve with evolu- 
tioo of heat; cansdc lime and baryta* act violently on 
water with formation of hydrates, CaOH,0, BaOH^O, 
which, if excess of water be avoided, are obtained in the 
solid form. Solutions of caustic potash or soda (* caustic 
alkalies'), having the power of dissolving fats and other 
components of animal tissues, render the fingers slippery ; 
even when very dilute, they colour red litmus-paper blue, 
and (yellow) turmeric-paper brown ; they readily saturate 
all acids according to the general formula XH(add) + 
RHO = XR+HHO. 

48. Treat hydrate of lime with cold water, and filter. 
The filtrate contains about rirth part of OiO in solution, as 
Ca(OH)|, which small quantity is quite suffident to give it 
the power of acting strongly on turmeric and red litmus 
paper. Blow through the lime-water by means of a glass 
tube ; the carbonic acid, COj, of the expired air combines 
with the lime into carbonate, which separates out as a 
white precipitate. On continued blowing, the precipitate 
re-dissolves as an unstable bicarbonate, which, however, is 
readily decomposed on boiling. 

49. Treat a few decigrams of hydrate of baryta vdth 
water at a boiling heat The bulk of the substance readily 
dissolves, but there is always a white residue left. This 
residue, however, is easily proved to consist of carbonate, 
which practically is always present as an impurity. Filter 
off the residue. The filtrate, if not too dilute, deposits, 
on cooling, crystals of Ba(OH)28H20, which are soluble in 
about twenty-five parts of cold water. The solution behaves 
to COj like lime-water; and both to acids generally like 
caustic potash or soda. 

60. To shew the action of carbonic acid on potash (or 
soda), take a littie of a pure solution of, say, soda, and add 
excess of dilute sulphuric acid. No gas should be evolved. 
Then take another portion, blow CO2 (expired air) through 
it for some time, and repeat the test Bells of CO2 will be 
evolved. 
• M. Heat a fragment of solid caustic potash in a silver 

* Tbtf ftudent may operate with lime, and take the tMryta for granted. 
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dish. It first fuses, and the fused mass next boils up 
through the escape from it of the extra water which it always 
contains, and at last pure KHO is left, which, at higher 
temperatures, goes off slowly as a whole, but never loses 
any of its own water. Take note of the fact that caustic 
soda, NaHO, and baryta, Ba(OH)2 =» BajOH, behave 
similarly, while the lime compound, at a red-heat, readily 
breaks up into CaO + HgO. These three hydrates (of 
K, Na, Ba) and that of Sr are the most powerful of fixed 
bases, and much used as such in analysis ; caustic potash 
or soda being preferably employed. 

Illustrations* 

52. Take solutions of the nitrates or other soluble salts 
of {a) MgO ; {p) Ag^O ; {c) HgO ; (^ PbO ; {e) ZnO ; and 
add to each caustic soda as long as the precipitate formed 
increases, or until the mixture is decidedly alkaline to 
turmeric. The bases are all precipitated ; a^ dy and 
e as hydrates ; b and c as oxides. Solutions of the salts 
of most heavy metallic bases behave similarly.* But 
in some cases the precipitated bases, when treated with 
excess of caustic soda (or KHO), combine with the alkali 
into soluble salts, in which they (that is, the insoluble 
bases) play the part of acids. To illustrate this by examples, 
add excess of caustic soda to mixtures d and e : the pre- 
cipitates disappear. 

53. To a solution of sal-ammoniac add some caustic soda, 
and heat. Ammonia-gas, NHg, is evolved, which is readily 
recognised by its characteristic pungent smell, by its alka- 
line reaction on turmeric or red litmus paper, and by the 
clouds (of NH4CI) which it forms when brought into con- 
tact with a glass rod moistened with aqueous hydrochloric 
acid — that is, with HCl-gas. 

Ammonia is largely soluble in water, forming a solu- 
tion which, although it quickly loses its NH3 on boiling, 
behaves to acids and metallic salts like one of KHO, and 
consequently may be assumed to contain a (highly unstable) 

* Sometimes a ba»c salt is produced instead of puxe hydrate or oxide. 
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hydrate of 'ammonium,' (NH4)0H, analogous to KOKC 
But observe that, whilst in most of these reactions (as 
applied in analysis) KHO and NaHO may imhesitatingly 
be substituted for each other, aqueous ammonia [the ima* 
ginary (NH4)OH] not unfrequently exhibits peculiar 
properties. To illustrate this : 
54. Mix solutions of sulphate of copper with (^) excess 

•of caustic soda ; (fi) excess of ammonia, and observe the 
effects. In the case {a) heat the mixture to boiling, and 
note the change. Report (in your book) on these and the 

-previous observations, using equations where possible. . 

Carbonic Acid^ H2CO3, and Carbonates, 

55.* Place a piece of marble in a test-tube, and add dilute 
hydrochloric or nitric acid. The marble dissolves with evolu- 
tion of (gaseous) * carbonic acid,' CO2 = CO3H2 — HgO, of 
which a considerable quantity, on account of its heaviness, 
remains in the tube. Pour out the CO2 (not the liquid 
contents) into another test-tube previously charged with 
some clear lime-water^ and shake up. An abundant pre- 
cipitate of CaC03 is produced. This is a perfectly general 
and characteristic test for carbonates. 

66. Procure characteristic specimens of carbonate of soda 
crystals, NagCOa + lOHgO ; pure soda-ash, Na2C03 ; bicar- 
bonate of soda, NaHC03 ; carbonate of potash (pure pearl- 
ash), K2CO3 ; bicarbonate of potash, KHCO3 ; sesquicar- 
bonate of ammonia, 2(NH4}20,3C02 [this, and the bicar- 
bonate, (NH4)HC03, are the only known solid carbonates of 
ammonium] ; and study them in regard to (i) Their general 
appearance, smell, taste ; (2) TTieir behaviour when heated 
on platinum foil ; (3) Their behaviour to water (a) in the 
cold, ifi) in the heat and on boiling ; (4) The action, of the 
solutions made in the cold, on turmeric-paper. 

57. Heat some bicarbonate of soda in a dry test-tube : 
the salt breaks up into Na2C08 and CO2. Identify the 
latter. 

58. Almost an metallic carbonates (except those just 
treated of) are insoluble, or little soluble in water. Hence 
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solutions of the salts of almost all metallic bases not alkalies, 
when mixed with solutions oi carbonate of potash or soda, 
give precipitates of the respective carbonates (which, how- 
ever, are not necessarily normal salts). The action 6[ car- 
bonate of ammonia, however, is often peculiar. Yet it is 
preferably employed as a precipitant for metals in analjrsis. 

Carbonate of Ammonia as a Reagent 

59. Take a solution of sulphate of copper, and add, drop 
by drop, a solution of carbonate of ammonia* as long 
as there is a visible change. The first instalments of re- 
agent produce a precipitate which, however, dissolves in 
excess into a dark-blue liquid. A few other heavy-metallic 
salts behave similarly. 

60. Repeat the experiment with a solution of (say, acetate 
of) lead. A permanent (white) precipitate is formed. Most 
heavy-metallic salts behave in this manner. 

6L Take solutions of (say, chlorides of) barium, strontium, 
calcium, magnesium (the magnesium solution should be 
pretty concentrated), and add to each carbonate of ammonia 
in excess — that is, enough to produce a strongly alkaline 
liquid. The Ba, Sr, and Ca salts give immediate precipi- 
tates of the respective normal carbonates, MCO3, which, 
especially when the mixtures were heated, contain prac- 
tically the whole of the metaL The magnesium solution 
may remain clear at first, but if the normal carbonate 
(NH4)2C02 was used, and a sufficient excess of it added, 
the mixture, especially indien stirred up, soon becomes 
turbid, and gradually deposits almost the whole of its 
magnesium in the form of a cr3rstalline double salt, 
MgC03(NH4)2C03 H- 4H2O. 

62. Take a dilute solution of magnesia salt^ add some 
sal-ammoniac, NH4G, solution, and then a moderate quantity 
of carbonate of ammonia : the solution remains clear, even 
on heating. The presence of sal-ammoniac does not inter- 
fere materially with the action of carbonate of ammonia on 

* A solution of sesqmcarbonate mixed with the proper proportion of NHg.to 
produce (NH4)sC02h In most cases sesquicarfoonate of ammonia may he suhsd- 
toted for it without inconvenience. 
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Ba, Sr, and Ca salts. Hence, in the presence of NH4CIP/ 
these three metals can be precipitated by carbonate of 
ammonia in presence of magnesium, and thus be . separ* 
ated from, or detected (as a group) in the presence of, the 
latter: supposing, of. course, the solution is known not to 
contain anything except (possibly) salts of Ba, Sr, Ca» Mg, 
K, Na, NH4. 

Orthophosphoric Acid, H3PO4. 

63. Preliminary Note. — By burning phosphorus in excess 
of oxygen or air, we obtain Uie anhydride, PsOs, as a whiter 
snow-like powder, which is slowly volatile at a red-heat. 
When treated with water, it combines with it with great 
evolution of heat into * metaphosphoric acid,' H2O . PgOs, 
which at first appears in the form of a gelatinous precipi- 
tate, but, after some time, dissolves in the excess of water 
as such, forming a strongly acid solution. When this 
solution is boiled, it passes into one of orthophosphoric 
acid. In performing the following experiments, the student 
had better start with a ready-made solution of the latter. 

64. Place some of the solution on a concave platinum 
crucible lid, boil it down, and next satisfy yourself that the 
vapours are neutral to litmus-paper, and consequently con- 
sist of pure water ; continue the evaporation as long as any 
visible steam goes off, and then go on heating until the 
residue has for several minutes been at a dull red-heat. 
The effect is that the orthophosphoric acid which is left 
when all the free H2O is gone, passes quickly through pyro- 
phosphoric (P2O52H2O) into metaphosphoric acid, which is 
perfectly stable at a dull red-heat. 

Dissolve your meta-acid in water, and add nitrate of 
silver; a white precipitate of metaphosphate of silver^ 
AgPOs or Ag20p205, is produced. 

Orthophosphates. 

65. Take separate portions of orthophosphoric acid, and 
slightly supersaturate them with i^d) ammonia ; ip) carbonate 
of soda with application of heat ; {f) baryta-water ; {d) lime- 
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water. The effects are as follows : a and d are converted 
into solutions of di-metallic phosphates, P04(NH4)2H and 
P04Na2H respectively, which, though hydric salts, have 
an alkaline reaction. The acid in c and d is converted 
into an insoluble tri-metallic phosphate, which assumes 
the form of a precipitate (P04ba3 and P04ca3 respectively, 
where ba » i Ba, ca » i Ca). 

Tests for Orthopkosphates. 

ca Take solution b (of Na2HP04), dilute it, and add to it 
a solution of sulphate or chloride of magnesium. Perhaps 
there will be a precipitate [of (P04)2Mg3] produced, but in 
any case the precipitation is slow, and it is never complete ; 
that is, neither the P2O5 nor the MgO will, under any 
circumstances, be completely precipitated. If necessary, 
repeat the experiment with solutions so dilute that no 
immediate precipitate at least is produced. 

67. Then add some sal-ammoniac^ and some free 
ammonia. The mixture will become turbid at once or (if 
very dilute) on standing, and, as the case may be, either 
the MgO or the P2O5 will at last be completely pre- 
cipitated as P04Mg(NH4) 4- 6H2O : a crystalline pre- 
cipitate, insoluble in dilute aqueous ammonia, even in the 
presence of ammonia-salts, though appreciably soluble in 
water and in neutral ammonia-salt solutions. It also is 
readily soluble in any of the ordinary aqueous acids, even 
in acetic. The sal-ammoniac is added to prevent the pre- 
cipitation of Mg(OH)a. 

68. Add sulphate of magnesia to solution b [of 
P04(NH4)2H], and then some more ammonia. The same 
precipiute of P04MgNH4 makes its appearance, but it is 
less likely to be contaminated with foreign MgO salts. 

69. This reaction is highly * characteristic of orthophos- 
phoric acid. The ordinary mode of executing it is as 
follows : Prepare magnesia mixture by adding to a solution 
of chloride of magnesium a sufficiency of sal-ammoniac, to 

* Absolutely, we should say, if it were not for the fact that arsenic acid« 
ASO4H3, acts in a perfectly similar manner. 
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prevent its being precipitated by ammonia, and then tbe 
proper proportion of free ammonia. To test a substance 
for orthophospbate, dissolve it in water if possible, or 
in hydrochloric (or nitric acid) if necessary, and then 
add excess of ammonia. Filter off any precipitate that 
may have been produced, add to the filtrate magnesia 
mixture, stir up and allow to stand. The P2O5 of the 
solution will gradually come down in the form of the char- 
acteristic magnesia-ammonia salt But obviously, in cases 
where the ammonia produced a precipitate, the p20^ 
instead of passing into the filtrate, may go partially or 
even wholly into the precipitate. 

70. Dissolve some phosphate of zinc, or copper, or nickel* 
in hydrochloric acid, and add excess of ammonia ; a clear 
(and in the case of zinc also colourless) solution is produced 
which, of course, necessarily contains all the P2O5. Add 
magnesia mixture : the P2O5 comes down in the well-known 
form. 

71. Repeat the experiment with some tri-calcic phosphate 
Ca3(P04)2 instead of the rinc, &c. salt. In this case the 
ammonia produces a precipitate which is simply identical 
with the original substance, and consequently the filtrate^ 
we should say, contains no phosphoric acid at all. (In 
practice a trace of the phosphate of lime remains dissolved, 
and the filtrate does give a very slight precipitate with the 
reagent.) 

72. To detect the phosphoric acid in the. ammonia pre- 
cipitate produced (in 71), dissolve that preciiHtate in nitric 
acid, add the solution to a large excess of a nitric solution 
of molybdate of ammonia, and heat gently ; the whole of 
the P2O5 is precipitated in the shape of yellow powdery 
phospho-molybdate 'of | ammonia [P04(NH^3 . lOMoOs]. 
This is a perfectly general test for all phosphates soluble 
in nitric acidf 

* If the phospliates are not at hand, take the chlorides, add some phosphate 
of soda, dissolve the precipitate in HO, and add excess of ammonia, 
t Liahie to the qualificadoa stated in foot-note to sect. 69^ page 35. 
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Orthophosphate as a Reagent, 

73. Just as magnesia-mixture is a very delicate pre- 
cipitant for phosphoric acid ; so, under similar conditions, 
phosphate of ammonia or soda (when used along with 
ammonia) is an equally delicate precipitant for magnesia. 
But as most orthophosphates (not alkali-salts) are insol- 
uble, or almost so, in water and salt solutions, the reaction, 
<is a test for MgO, is restricted to the case where it is 
proved that the solution contains nothing but, possibly, 
Mg, K, Na, NH4 salts. 

In your report explain all the reactions executed by 
equations. State what you think will go on when a solution 
of the salt P04ca2H (ca = i Ca) in hydrochloric acid is 
mixed with excess of ammonia. 

Sulphuretted Hydrogen^ HgS, and its Salts. 

74. Place a granule of sulphide of iron, FeS,* in a test- 
tube and add some hydrochloric acid. The sulphide dis- 
solves as FeCl2, with evolution of sulphuretted-hydrogen 
gas, which is easily recognised, even when largely diluted 
with air or other inert gases, by its smell, and by its 
colouring acetate of lead or sulphate of copper paper dark 
brown or black. This test applies to all metallic sulphides 
decomposable by HCL 

75. Preparation of Sulphuretted Hydrogen, — Place in a 
gas-evolution bottle from 30 to 50 g^rammes of fused 
sulphide of iron^ FeS, and add, through the funnel tube, 
commercial hydrochloric acid of about 10 per cent When 
the gas-evolution slackens, add some more acid, and so go 
on until a sufficiency of gas is produced. Pass the sulphu- 
retted hydrogen first through a tube loosely filled with 
cotton-wool in order to free the gas from small particles of 
liquid mechanically carried over, and then through air-free t 
distilled water contained in a phial as long as some of it is 

• Iron pyrites, FeSj, will not da 

t Boil the water In a naxrow-necked flask for five minutes, cork up well, and 
allow to cooL 
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absorbed. To see if the liquid is perfectly saturated wi^ 
gas, close the mouth of the bottle, violently shake it, theii 
turn the bottle upside down, and carefully slacken the 
stopper. As long as the water is not perfectly saturated, 
air bubbles are sucked in ; if the point of saturation has 
been reached, part of the liquid is forced out When the 
water is completely saturated, close the phial with a coik, 
and preserve it for use (best with mouth turned downwards); 

76. Preparation of Sulphide of Ammonium* — Pass sul^ 
phuretted hydrogen through a measured volume, say 50 c.c, 
of a solution of ammonia (of about 10 per cent) until it is 
completely saturated, then add another volume (50 c.c.) of 
ammonia solution, mix the two liquids, and keep the 
solution as one of sulphide of ammonium. The processes 
going on are represented by the following equations : (i) 
NH3 + HgS = NH4 . HS. (2) NH4 . HS + NH4 . HO « 
(N 114)28 + HgO. Or, condensing (i) and (2) into one: 
HjS + 2NHs = (NH4)jS. Recently prepared aqueous sul- 
phide of ammonium is a colourless liquid, possessing a 
strong alkaline reaction ; when mixed with excess of any 
free acid it yields sulphuretted hydrogen and. a clear 
solution of ammonia-salt ; example : (N 114)28 + H28O4 « 
(N 114)2804+ H28. A solution of sulphide of ammonium 
readily absorbs oxygen from the atmosphere, and thereby 
assumes a yellow colour, apart of the compound (NH4)2S 
being converted into disuiphide (NH4)282. (i) (NH4)28 + 
O = (NH4)20 + 8. (2) 8 + (NH4)28 = (NH4)282. The 
yellow solution, when mixed with acid, gives (beside NH4- 
salt and H28-gas) a white milky precipitate of sulphur. 
(NH4)28a + 2HC1 = 2NH4CI + H28 + 8. A slight admix- 
ture of disuiphide does not interfere with most of the 
purposes for which the reagent is used in analysis. 

H^^-Salts of other bases than (N 114)20. 

77. When, in the experiment just described, we substitute 
potash, soda, bstryta, strontia, or lime solution for ammonia, 
the effect is quite analogous to the one obtained with that 
base. An excess of H28 produces solutions of sulph- 
tydrates, RH8 or R''H282 ; and the solutions of RH8, that 
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is^ of KHS or NaHS, by addition of RHO are converted 
into solutions of R2S — for example : 

RHS + RHO = R^S + HjO ; 

but with the bodies R''H2Ss, for example, with Ba^^H,S,, 
this change cannot be effected, because the sulphides R"S, 
if they were produced, wo.uld be decomposed by the action 
of water into R''(HS)2 and R^HOa. To pass now to the 
zest of the metallic oxides which we have space in this book 
to notice, we have to mention : 

78. (i) That the hydrates of MgO, AJaOj, CrjOj, are not 
changed by the action of HjS, which includes that solutions 
of the salts of these oxides are not acted upon by H2S — nor 
by sulphide of ammonium, one would be inclined to add ; 
but this surmise is not quite borne out by experience. It 
is with magnesia ; but solutions of Cxfi^ and AI2O8, when 
mixed with sulphide of ammonium, give precipitates, con- 
taining the metals — not as sulphides, it is true, but as 
hydrates ; the reagent acting as if it were decomposed by 
the water present into ammonia and sulphuretted hydrogen. 
On this occasion we may refer 

79. (2) To a group of three oxides — namely, Fe^Oa, and 
the two acid oxides CrOg and MngOf, which, although not 
convertible into sulphides under the circumstances, are, 
by the action of sulphuretted hydrogen on their solutions in 
excess of mineral acid, reduced, the 

FcaOg CrOj MngOy 

to salts of FeO Cr203 MnO 

with precipitation of sulphur, 

80. (3) The metallic oxides which still remain to be con- 
sidered all agree in this, that, supposing them to be given 
as solutions in aqueous acids or alkalies, they are, by means 
of H2S, or at least by the conjoint action of H^S and 
NHa, that is by (N 114)28, convertible into sulphides, which 
are all insoluble in water and ordinary salt solutions, and, 
when produced, assume the form of precipitates. Bat 
according to the circumstances under which these sulphide- 
precipitates are produced, they arrange themselves into 
three groups, as shewn by the following : 
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Table L— Shewing the action of H,S and of (NHJ^ 

on solutions of 



81. 



Sulphuretted 
hydrogen in 
the presemce 
iff/ret acid^ 



L 

AS,0,; 

(As,OJ; 
Sb,0,; SbjOg; 
SnO, ; (SnO).* 



IL 

BijO,; CuO; 

CdO; HgO; 

Hg,0 ; PbO ; 
Ag,0; (SnO). 



FeO; MnO; 

ZnO; 

NiO;CoO; 

[CfjOs; AIjOJ. 



The metals are completely pre- 
cipitated as sulphides 

soluble in. | insoluble in 

sulphide ofammomum,'^ 



The metals re- 
main dissolved. 



Sulphide of 
Jiffttnontufftm 



In the presence 
of enough of 
free alkali ; no 
preapitate. 



In the absence of free add, the 
metals are completely preci- 
pitated as 

sulphides, sulphides 

£Cr and Al as 
hydrates]. 
Insoluble in excess of reagent, 
as also in ftmmrmifl- j^^ nd in 
sal-ammoniac. 

82. Note regarding Group IIL — ^The precipitates are 
readily dissolved by even cold dilute hydrochloric acid 
[the Cr20s and AljOs without evolution of H2^] \ except NiS 
and CoS, which, when once produced, are hardly attacked 
in the cold by 5 per cent HCl. 

Discrimination of Groups of Metallic Oxides. 

83. We see, then, that (in reference to solutions pro- 
ducible by dissolving metallic oxides in mineral acids) we 

* Alao FlOb A%Og; MoOib WoO|; bit we ouat igarn^ Acse^ like seme 
other, rueeKida. 

t SeO appears both under I. and IL« because^ wMIe insoluble in real 
(NH4)tS» It is dissolved by Hb^yeOow reagent (NH4}sS.S, and as SnSf'^i^ni^^ 
(AsgOs) is iack wed in hnMkm, becaine ita actaoB on HiS is 
sect. X30h 
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can, by means of RgS and (N 114)28 as precipitants, dis- 
criminate between four groups of metallic oxides, namely, 
Groups I., II., III. of Table I.^ and — a Group IV. (comr 
prising BaO, SrO, CaO, MgO, and the alkalies), the metals 
of which are not precipitated by HjS or (NH4)2S under 
any circumstances. 

84. The student will also observe that, assuming any 
metal of Group III. to have been precipitated from its 
solution by (N 114)28, the apphcation to the {washed) preci- 
pitate of HQ would enable him to discriminate between 
the sub-groups A = Co and Ni ; B = Cr and Al ; C = Fe, 
Mn, Ztl 

85. But Hydrochloric Acid, as shewn in sect 34, when 
applied directly to a solution of metallic salts, is a specific 
precipitant for the group Ag20, HggO, PbO ; while 

86. Sulphuric Acid precipitates only, and thus charac- 
terises as a group, the oxides PbO ; HggO ; BaO, SrO. We 
are thus enabled to split up our Group IL into three sub- 
groups — ^namely : 

trf) Ag,0 Precipitated by HQ ; not by H^^ 

{£) HgjiO and PbO... n • HCl and by H^^ 

(C) The rest Not precipitated by either. 

We will now leave Groups I., II., and III. on one side, 
and tabulate the reactions with solutions of Group IV. of 
sulphuric acid, carbonate of ammonia, and phosphate of 
ammonia, as set forth in sects. 31, 61, 62, 66 to 69, and 73. 

87. Table IL— Reactions of Group IV. 

(a) Action of excess of Sulphuric Addon Solutions of (salts of) 



BaO. I SrO. 

Metals precipitated 
as sulphates. 



CaO. 

No precipitate 
in dilate 
solatioos. 



MgO. I Alkalies. 

No precipitate. 



On addition rf\ vol of alcohol. 



Metals predpitated 



more completely. 



gradually, but 
at last com- 
pletely. 



No precipitate. 
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(^) Aciiom rfCarbonaU o/Awunama in ^presence of sal-ammoniac. 



BaO. I SrO. | CaO. 
Metals precipitated as carbonates 

R^COy ; more completdj on heat- 
ing. 



MgO. I AlkaUes. 

Metals remain dissolved. 



(c) AcHon of Phosphate of Ammonia in thi presence of 
sal-amsnomac and free ammonia^ 



Metals more or less completdy pre- 
cipitated as phosphates. 



Metal is gra- No preci* 
dually, but pitate. 
at last com- 
pletely pre- 
cipitated as 
PO^MgNH^. 

88w The reactions embodied in these tabular statements 
(sects. 8i to 87) constitute, so to say, the ABC of metal- 
analysis, and like the ABC of a language, must be 
committed to memory. For this purpose the student 
should draw up a large table, which, in so many vertical 
columns, enumerates the several groups of oxides which we 
have learned to distinguish from one another— thus : 



A&O, Hg,0, PbO. 

• Silver group.' 



HgO, CuO, 
Bi,0„ CdO. 

* Copper group.' 



As,Oj 



AsjO^ Sb,0^ 
SnO, SnO, 

* Arsenic group.' 



CrO„Mn,0„Fe,Oy | Al,08,Cr,0j. [ FeO,MnO,ZnO. | NiO,CoO. 

" . ' 

* Iron group.' 



MgO. 



KjO, Na,0, (NHJjO. 
'AlkaHes.' 



BaO, SrO. | CaO. 
'Barium group.' 

And then in so many horizontal columns put down, in as 
few words as possible, the reactions on solutions of the 
several groups of oxides, of the several generic reagents, 
HO, H,S04, H2S, (NH4)3S, (NH4),C0a, VO^{li^li^^ 

* Remember the names given between inverted commas ; they will be used 
in the following cfaapters. 
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EXERCISES ILLUSTRATIVE OF THESE GENERIC 

REACTIONS. 

Sulphides of Groups L and II. 

89. Dissolve a few centigrams of white arsenic {Ksfi^ 
in aqueous hydrochloric acid, and add to the solution of 
AsCls thus obtained sulphuretted-hydrogen water, until the 
liquid, after thorough shaking, smells strongly of the gas. 
Insoluble sulphide of arsenic (AS2S3) is precipitated, hydro- 
chloric acid goes into solution : SAsCl, + ZR^S » AS2S3 + 
6HC1. Collect the yellow precipitate on a filter, wash it 
with water until the wash-water no longer contains hydro- 
chloric acid (reddens litmus) ; then pour on the precipitate 
some sulphide of ammonium ; the precipitate dissolves, 
being converted into a soluble double sulphide, AS2S3X 
(N 114)28. If we acidify this solution with hydrochloric 
acid, the sulphide of ammonium is decomposed {vide 
supra), and the sulphide of arsenic reprecipitated. 

90. Mix a solution of nitrate of bismuth with an excess of 
sulphuretted-hydrogen water j the bismuth is completely 
converted into a brown precipitate of sulphide of bismuth^ 
while nitric acid passes into solution. Wash the pre- 
cipitate with water, and treat it with sulphide of ammoniums 
it does not at all dissolve. The filtered liquid, when 
acidified with hydrochloric acid, yields sulphuretted hydro- 
gen, and a solution of chloride of ammonium, mixed 
perhaps with more or less of a milky precipitate of sulphur, 
but no sulphide of bismuth is separated out 

Sulphides of Group HI 

91. Dissolve a few centigrams of ferrous sulphate in 
water acidified slightly with sulphuric acid, and add some 
sulphuretted-hydrogen water: there will be no visible 
change. Now add an excess of ammonia : a black pre- 
cipitate is formed, which, if a sufficiency of sulphuretted 
hydrogen has been used, contains the whole of the iron as 
sulphide, FeS. The same result is obtained by adding to 
the iron solution — instead of sulphuretted hydrogen and 
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ammonia — a ready-made solution of sulphide of ammonium^ 
the reaction corresponding in both cases to the ecjuation : 
FeSO^ + (NH4)2S « FeS + (NHJgSO^. CoUect the pre- 
cipitate of sulphide of iron on a filter, and add to it some 
dilute sulphuric (or hydrochloric) acid; it dissolves with 
evolution of sulphuretted hydrogen, a solution of ferrous 
sulphate (or chloride) being formed. Preserve liquor for 
exercise, sect 93. 

92. Repeat the last exercise with chloride of cobcUty 
instead of the ferrous salt The result will be similar, 
except that the precipitated black sulphide^ when treated 
on the filter with a mixture of the ordinary (20 per cent) 
hydrochloric acid with two to three times its volume of water 
in the cold^ will remain unchanged — substantially at least. 
Neutralise the acid filtrate with ammonia; only a very 
slight turbidity (of re-generated CoS) will be produqed. 

Pseudo-sulphide PredpUaies, 

93. Take some solution of ferrous chloride containing free 
HCl (for example, the liquor produced from FeS and acid in 
Exercise 91), add a few granules of chlorate of potash, and 
boil : the ferrous salt is ' oxidised ' (as the phrase goes) into 
ferric salt ; that is, the muriate of the oxide FeO is con- 
verted into that of the oxide FejOs — that is, into FejCl^ 
which imparts to the liquid a yellow colour, which is very 
intense, as long as the liquid is hot Filter off the precipi- 
tated sulphur, which will be present if you used the 
mixture of FeS with HCl, and add excess of sulphuretted- 
hydrogen water. The mixture, after having for a moment 
exhibited a transitory blue colour, becomes turbid and 
white from precipitated sulphur. The solution now is 
one of FeCl» which, after saturation of the free acid with 
ammonia, behaves to sulphide of ammonium as shewn in 
exercise, sect. 91. 

Note, — From ferric salts, sulphide of ammonium pre- 
cipitates a mixture of 2FeS + S, a kind of pseudo Fe^Sg. 

94. Take a solution of bichromate of potash^ add to it some 
hydrochloric acid (to produce a mixed solution of QxQ^ and 
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free HQ), and pass sulphuretted hydrogen through the 
liquid. The liquid becomes turbid from precipitated 
sulphur, and the originally intense garnet-red colour of the 
liquid undergoes a decided change. As soon as the liquid 
is saturated with HjSKsee sect 89), filter the mixture, one- 
half (a) as it is, the other {p) after boiling. The filtrate (a) 
has an intense violet, that of (^) an equally intense green 
colour; both contain the original chromium as chromic 
chloride, QtJ^ (muriate of CrgOs). 

95. To the solution of Qxjd^ produced, add ammonia, until 
the precipitate, which appears locally from the first, is very 
slow in disappearing when the mixture is shaken (shewing 
that the free acid is saturated) ; then add excess of sulphide 
of ammonium (that is, more than enough to precipitate the 
whole of the chromium), and filter. Wash the precipitate 
with water until the last washings are free of HgS or 
(N 114)28 ; then dissolve it in cold dilute hydrochloric acid, 
and add to the solution some cupric salt There will be 
no turbidity of CuS produced, which proves that the pre- 
cipitate cannot have been a sulphide such as Cr2S3, but 
must have been a hydrated oxide, CrgOs + xHgO. 

Bases not convertible into Sulphide-Precipitates. 

96. Take, successively, solutions of BaCl^y MgCl2, KCl, 
and satisfy yourself that they behave to the several generic 
reagents as stated in our tables. 

Separations* 
(a) Silver Group from other Groups. 

97. The alloy which ' silver ' coins are made of consists 
of silver and copper, associated generally with a trace of 
gold. To analyse a sample (you may work on, say, a three- 
penny piece), dissolve it in nitric acid of 1*2 sp. gr. in the 
heat The gold remains as a black powder, which is filtered 
off, and can be obtained by itself by incinerating the filter in 
a porcelain crucible. The filtrate contains the copper and 
silver as nitrates. To separate out the silver, add to the 
solution hydrochloric acid, drop by drop, shaking up after 
each addition until the last drop does not produce an 
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additional turbidity. Shake up violently, until the mixtuiift 
has lost its milky appearance, then allow the precipitate 
(AgCl) to settle, and decant the (blue) copper solution 
through a filter. Wash the precipitate by decantation with 
water until the last washings are free from copper, and add 
the more concentrated portions of the wash-water to the 
original decantate. From the latter the copper must now- 
ise precipitated by sulphuretted hydrogen, but this is not 
easily effected by the direct application of this reagent^ 
because a considerable portion of it would be oxidised by 
the nitric acid present Hence we first of all displace, so 
to say, the nitric by hydrochloric acid, which is done by 
boiling down the liquor in a flask to a small bulk, adding, 
:say, twice its volume of strong hydrochloric acid, and 
Isoiling down again as far as conveniently possible.* The 
residue now is sufficiently free of nitric acid to be treated 
with sulphuretted hydrogen. 

{d) Groups /., //., and III, from one another, 

98. Prepare a solution containing the chlorides of arsenic^ 
bismuth, iron (ferrous), and then separate from one another 
these metals with the help of the reactions before given for 
the individual metals — that is : 

(i) Dilute the liquid and pass in sulphuretted-hydrogen 
gas^ so as to completely precipitate the arsenic and bismuth 
as sulphides \ wash the precipitate with water until the last 
washings no longer contain iron (that is, until they no 
longer give a coloration with sulphide of ammonium, or 
after evaporation in ^ small platinum dish, leave no 
residue non-volatile at a red-heat). Mix the sulphides 
on the filter with sulphide of ammonium^ taking care at 
first not to tear the paper, then pierce the bottom of 
the filter with a pointed glass rod, let the mixture run into 
a flask, and heat it gently for about five minutes, so as 
to completely dissolve the sulphide of arsenic Collect the 
sulphide of bismuth on a new filter, wash it with luke* 

* This second evaporation (in other cases) when arsenic, antimony ntay be 
present, had better be done in a retort connected with a condenser, so as not to 
lose any volatile chlorides. 
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^^i^arm water (always adding at the same time some sulphide 
of ammonium) until at last the wash- water no longer con- 
tains arsenic — that is, behaves to hydrochloric acid like a 
very dilute solution of sulphide of ^mmoniunu From the 
filtrate, mixed with the more concentrated portions of the 
washings, precipitate the arsenic (as sulphide) by acidifica- 
tion with hydrochloric acid, collect the precipitate on a 
filter, and free it from the chloride of ammonium adhering 
to it by repeated washing with water. 

99. (2) To the filtrate from the arsenic and bismuth 
precipitate add, first, enough of ammonia to completdy 
saturate the free hydrochloric acid it contains, and then a 
sufficient quantity of sulphide of ammonium to precipitate 
the whole of the iron. In order to see whether the mixture 
contains a sufficiency of precipitant, lift out a drop of it by 
means of a glass rod, and place it on a double bit of filter- 
paper. If free sulphide of ammonium is present, the lower 
bit of paper becomes bla^k wheii moistened with acetate of 
lecul. Complete the precipitation, and collect the precipitate 
on a filter. [The filtration is considerably facilitated by 
adding to the mixture (if necessary) some more chloride of 
ammonium, gently heating and then violently shaking it.] 
Wash the sulphide of iron with warm water (mixed with 
a little sulphide of ammonium to protect the precipitate 
against the oxidising action of the atmosphere) until the 
last runnings, when evaporated at a gentle- heat on a strip 
of glass, leave no residue except perhaps a trace of free 
sulphur from the (yellow) sulphide of ammonium added to 
the wash-water. 

100. Pour some dilute hydrochloric acid on the sulphide 
of iron in . the filter ; it should dissolve completely ; if a 
black residue is left, this proves that the bismuth had not 
been completely precipitated by sulphuretted hydrogen. 
The ancUysis in this case must be repeated. 

Queries : Supposing ther solution, besides the metals 
which you put in, had contained bariunl ; where would it 
be, and how could it be separated out? Supposing, 
secondly, it had contained cobalt, where would it have 
gone^ and how could it be separated out as pure CoS ? 
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101. Take some of the same mixed solution as served 
for the last exercise, and in order now to merely prove 
that the solution contains a metal of the arsenic group, 
add firstly ammonia, drop by drop, until there is a smaU 
permanent precipitate produced ; and after having thus 
saturated the free acid (to some extent), add excess of 
sulphide of ammonium, heat gently for some minutes, and 
filter. Acidify the filtrate with hydrochloric acid : the 
arsenic will be precipitated as AS2S8 mixed with more or 
less of free sulphur. The mere appearance of the precipi- 
tate, in this and in any analogous case, proves that it must 
•contain a metallic sulphide, but it does not always neces- 
sarily follow that that sulphide is an arsenic-group one, as 
shewn by the following exercise : 

PectdiaritUs of certain Sulphides. 

. 102. To a solution di cupric sulphate add some drops of 
ammonia, and, without minding the precipitate produced, 
excess of yellow sulphide \ of ammonium. Heat gently, 
filter, and acidify the filtrate; The precipitated sulphur is 
obviously metalliferous, bntithe metal in it consists merely 
of a trace of copper which has passed into solution. 
Remember that CuS is slightly soluble in sulphide of 
ammonium, and consequently a*pt to be mistaken for 
an arsenic-group sulphide. A few other difficulties which 
may present themselves in the examination of a solution 
for oxides of Groups I., XL, and III. are illustrated in the 
following exercises : 

103. Take a solution of stannous chloride^ add to a small 
portion excess of sulphuretted-hydrogen water, and observe 
the effect Then add to another portion, first, enough of 
ammonia to saturate the free acid, and then of recently made 
(colourless) sulphide of ammonium, until the mixture when 
tested, as shewn in sect 99, is found to contain an excess 
of the reagent Then add more of the latter, heat gently, 
and observe the efiect; the brown precipitate remains 
omdissolved. Now add to the mixture a pinch of flowers 
of sulphur and heat again ; the preciptate wiU now vania|i 
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with formation of a yellow solution, which when acidified 
gives a yellow precipitate of stannic sulphide, SnS2. 

104. To a solution of sulphate of cadmium (which should 
contain no excess of acid) add sulphuretted hydrogen (best 
in the form of gas) ; the metal is precipitated as a yellow 
sulphide, CdS. Now add to the mixture, gradually, more 
and more of fuming hydrochloric acid ; it will not take 
very much of the acid to dissolve the whole of the yellow 
sulphide. When the last trace of the latter is gone, add 
water ; the sulphide, when the liquid is sufficiently diluted, 
will reappear, but it may take a very large proportion of 
water to effect as complete as possible a precipitation. 

106. To an un-acidified solution of chloride or sulphate 
of 2mc^ add sulphuretted hydrogen water ; a considerable 
portion of the metal will come down as a white sulphide, 
to dissolve which takes a pretty considerable quantity 
of hydrochloric add, although a somewhat smaller pro- 
portion of the acid, when added to the original liquid 
before the sulphuretted hydrogen, suffices to prevent the 
fonnation of the sulphide. Contrast this experiment with 
the preceding one^ and remember the lesson which the two 
combined inculcate. 

(f) Groups IIL and IV, from each other, 

106. Prepare a mixed solution of the chlorides of codalt, 
strontium^ and magnesium^ and separate out the cobalt 
(after addition of some sal-ammoniac) by means of sul- 
phide of anmionium, as shewn for iron in sect 99. From 
the filtrate precipitate the strontium by adding excess of 
carbonate of ammonia, and heating. Filter off the carbonate^ 
and prove the presence of magnesium in the filtrate by 
means of phosphate of ammoniiun. Take care to wash 
your precipitates properly. 

The analytical methods given in the preceding sections 
raxf be translated in more than one way into a 
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SCHEME FOR THE EXAMINATION OF A SOLUTION OF 
MINERAL SALTS FOR THE METALLIC OXIDES CON- 
TAINED IN IT, 

The one which we recommend is as follows : 

107. Preliminaries, — (d) Observe colour, smell, action 
on test-papers, {b) Evaporate a few drops on a strip of 
glass to dryness, and see if there is a solid residue. See if 
the residue disappears when exposed to a dull red-heat. 
Interpret your observations. 

If the solution is alkaline or neutral, acidify a sample by 
gradual addition of dilute nitric acid, and if there is no 
change in the cold, heat to incipient ebullition. If a per^ 
manent precipitate is produced, this shews that most pro- 
bably you have to deal with one of those cases which our 
scheme does not take into account,* If the solution remains 
or ultimately becomes clear, take a larger sample of the 
O. S.,t and by adding a sufficient excess of 

108. Hydrochloric Acid^ precipitate what may be present 
of the radicles of Ag20, Hg20, and PbO, as shewn for 
silver in sect. 97. (In any case enough of HCl must be 
added to produce a very decided acid reaction ; a transitory 
precipitate produced in an alkaline solution may consist of 
hydrates of ZnO, Cr208, AljOs, or other insoluble oxides, 
present as alkali salts.) Collect the silver-group chlorides 
on a filter, wash them with small instalments of cold water, 
but take care to add only the more concentrated of the 
washings to the filtrate, which can be assumed to be quite 
free of Ag and 'mercurosum' (mercury present as HgjO), 
but may contain a trace of lead. [It is as well here to 
notice that PbCl2 is far less soluble in hydrochloric acid 
than it is in pure water, while, on the other hand, AgCl, 
which is quite insoluble in water, dissolves appreciably in 
hydrochloric acid. Hence in searching for lead we should 
use a considerable excess of HCl, while in the case of 

* A few of these, however, will be noticed under the head of ' Detection of 
Adds.* 
t Original solution. 
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Silver we must restrict ourselves to the minimum of reagent 
required to supply the necessary chlorine.] 

109. Test the filtrate for nitric acidy and if it is present, 
remove it as shewn in the exercise in sect 97 ; dissolve the 
chloride-residue in water, and without heeding any precipi- 
tate that may be produced, precipitate the copper and arsenic 
group metals by means of 

110. Sulphuretted Hydrogen^ and separate the two groups 
from each other, as shewn in exercise, sect 98. 

From the filtrate now the barium group might at once be 
separated out by adding excess of sulphuric acid and heating — ^which 
brings down the BaO and SrO as sulphates — ^filtering off these, 
and, after due concentration, precipitating the lime by adding to 
the liquid half its volume of alcohol, and allowing to stand. The 
filtrate from the CaSO^ is evaporated to about one-fourth of its 
volume to expel the alcohol, and the liquid then examined succes- 
sively for the iron-group oxides, magnesia, and alkalies ; but as a 
rule it is preferable to operate as follows : 

From the filtrate (off the HgS-precipitate) we next elimi- 
nate what can be precipitated by means of 

111. Sulphide of Ammonium (operating, as shewn in 
exercise in sect 99 for iron) ; we filter off and wash the 
precipitate, and thus obtain a filtrate which can contain 
only the barium-group oxides, magnesia, and alkalies. 

112. The Barium-group metals are precipitated by means 
of excess of carbonate of ammonia in the heat, and filtered 
off, and a part of the filtrate is next tested for magnesia 
with phosphate of ammonia. The alkalies, if present, are 
in the last filtrate. 

113. All that remains to be done now is to examine the 
several products for the individual metals that may be con- 
tained in them. But this problem we cannot profess in this 
little book to take up in its entirety ; what we propose to 
do is, on the assumption that each of the several products 
contained only one metallic oxide, to shew how that one 
oxide can be identified. How far the methods to be given 
apply to more complex cases, the intelligent student will 
easily make out for himsel£ (For exhaustive methods^ we 
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must refer to treatises on the subject, such as the authoi's 
Manual of Analysis^ 



ANALYSIS OF THE SEPARATE GROUPS. 

114 The Silver-group Precipitate is easily analysed, so 
easily that, for once, we may go beyond our programme, 
and proceed on the assumption of the three chlorides being 
present in it. Boil the precipitate with water, and filter hot 
The 



PbO, 

I^ssoItcs ; the solution 
on cooling, deposits 
crystals of the chlo- 
ride^ if sufficiently 
strong. 

HjS04 gives a white 
precipitate of FbS04. 



Aga I HfejCI, 

Remain undissolved. Wash off all the 
PbCl,, and then treat in the cold with 
ammonia. 



AgCl dissolves ; 
when the solu- 
tion is acidified, 
the whole of the 
AgCl is re-preci- 
pitated. 



Hg,CI| is con- 
verted into a 
black insoluble 
compound.* 



Hg,Cls, when treated with €3^ water, dis- 
solves as HgClg. AgO. is insoluble in 
this reagent. 

115. The Copper-group Sulphides can to some extent be 
distinguished by their colours, and if properly washed^ by 
tbdr different behaviour to acids. 



CuS. I (PbS). I Bi^g. 
Almost black. 



HgS. 

Jet black. 

When loUed with hydrochloric add i^per cent,). 



CdS. 
Yellow. 



HgS remains 
unattacked. 



CuS is hardly 
attacked. 



These sulphides are dissolved as 
chlorides^ with evolution of H^S. 



When boiSd with dilute sulphurie add. 



Thctt sulphides remain undissolved. 



CdS cBssoIves 
as CdSO^. 



^ Hence the name if *caIoineI/ firom the Gxedcwoxds^fioJSw (beautifuOaad 
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Hence, by means of these acids, the group inay be split up 
into three sub-groups, Cd; Bi and Pb; Cu and Hg; and the 
two metals named last can be separated by boiling witl^ 
nitric acid, which dissolves all the sulphides named as 
nitrates except the HgS. 

Supposing only one of the metals to be present in the 
original solution (or the solution obtained from the sulphide 
by means of acid), 

116. (i) Cadmium is easily recognised by the yellow 
colour of its sulphide. O. S., when mixed with ammonia, 
gives a white precipitate of hydrate, soluble in excess of 
ammonia, into a colourless liquid. 

117. (2) HgO-salt, when decomposed by gradual addi- 
tion of H2S, does not yield sulphide all at once, but first ' 
gives an almost white precipitate of HgS + HgX (X » 
CI, NOs, &C.), which, on further addition of reagent, gets 
more and more completely converted into HgS, and in 
consequence of this change, successively assumes a yellow, 
orange, brown, and at last a jet-black colour. The sulphide 
thus produced being very heavy, settles down like so much 
sand. The O. S., when mixed with stannous chloridey gives 
a white precipitate of calomel, which, when heated with 
excess of reagent, becomes gray or black from metallic 
mercury. 

118. (3) Supposing now HgO and CdO are proved 
absent, then, to test for the three other metals, add to the 
original solution excess of ammonia. Salts of 



CuO 

Give a green precipi- 
tate, soluble in excess 
of NHs into a dark 
blue liquid. 



PbO I BiaOj 

Give white precipitates of hydrate, in- 
soluble in excess of ammonia. 

To discriminate, dissolve the washed 
hydrate in the least quantity of dilute 
nitric acid on the filtei^ wash down with 
water, and add 

Iodide of Potassium, Result : ' 

YeUow precipitate Dark-brown predpi- 
ofPbl,. tateofBil,. ; 
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Data for Confirmatory Tests 

119. Lead is the only metal of this group which is pre- 
cipitated by HSSO4. 

120. Bisannfh salts, if not entirely insoluble in water, 
are all decomposed by it^ with formation of insoluble basic 
salts ; this holds more especially for the chloride. To 
identify a Bi^O, solution, add first ammonia, drop by drop, 
until a precipitate is formed which disappears very slowly 
on shaking; then dilute largely with water, and if no 
precipitate appears, add some chloride of sodium: the 
bismuth will be precipitated as a basic salt^ which, if 
alkaline chloride was used, is always BiOCL 

121. Copper solutions give a deposit of copper on an 
iron wire placed in the solutions ; this, however, holds only 
for acid solutions ; not for instance, for the blue liquid 
produced by addition of ammonia. Acid solutions, 
however dilute, give a brown-red precipitate when mixed 
with ferrocyanide of potassiunu 

122. The Arsenic-group Solphides, if produced 
by the action of sulphuretted hydrogen on pure solutions 
of the respective oxides, can be distinguished from one 
another, to a certain extent, by their colours and solu- 
bilities in the reagent solutions to be named. 



As^Sj 
Yellow. 



^Insoluble in 



SnS 
Dark-brown. 



SnS, 
Yellow. 



SbgSgy SbgSs 
Orange red. 

Readily dissolved by 

Boiling 20 per cent, hydrochloric acid, with evolution of H^S 

and formation of 

SbCljt I SnCI, I SnCl4 

When the sulphides are treated with concentrated solution of 
Sesquicarbcnate of Ammonia, at 80^ C. 
AsgSs only dis- These sulphides remain undissolved, 

solves ; it is substantially at leasL 

re -precipitated 
on acidification 
withHCL 

• Remember that CdS, wbich looks like As^Ss, is readily dissolved by the 
an '^ when hot. t And Si in the case of Sb^Sgi 
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Identification of 

12a Sulphide of Arsenic— Dissolve by heating with 
hydrochloric acid and a granule of chlorate of potash ; the 
arsenic dissolves as arsenic acid^ which behaves to mag- 
nesia mixture and to molybdate of ammonia as if it were 
orthophosphoric (comp. sect 69). Filter off the sulphur, 
add excess of ammonia and then magnesia mixture. The 
As04MgNH4 precipitate will come down on standing. 

124. To distinguish it from the P2O5 compound, place a 
little of the moist precipitate on one end of an asbestos sticky 
and heat it in the ' yellow ' tip of the flame of a Bunsen, 
produced by partially shutting the draught-holes, taking 
care at the same time to hold the convex side of a Berlin 
basin into the fiame^ close above the sample. Metallic 
arsenic is formed, part of which deposits on the basin as a 
'mirror,' insoluble in cold dilute nitric acid, soluble in 
Ueaching-powder [Ca(C10 . CI)] solution. 

Or else dissolve the sulphide in pure nitric acid and 
apply the molybdenum test ; the result is the same as in 
the case of P2O5, except that the precipitate is a little slower 
in coming out. A third method is to apply 

125. Mars^s Testy which, in fact, may serve to identify 
any arsenic solution producible by dissolving AS2O3 or 
AS2O5 in water, or aqueous alkali or non-oxidising acids. The 
apparatus required is a gas-evolution bottle of, say, 300 c.c. 
capacity, provided with a funnel tube ; the exit-tube should 
be connected with a cotton-wool tube to purify the gas to 
be evolved, and through it with a hard glass tube, 15 centi- 
metres long, and 4 — 5 mm. wide inside, which must be drawn 
out into a fine point at the exit-end. Charge the flask with 
20—30 grms. oi granulated zincy and by addition of 10 per 
cent, sulphuric acid (or 10 per cent. HQ), generate a current 
of hydrogen. When all the air is expelled^ kindle the gas, 
and in order now to make sure of the purity of the reagents, 
heat a portion of the hard tube to redness, and after having 
kindled the g^s, hold a porcelain crucible lid into the flame. 
If the hydrogen is pure, it will of course deposit nothing 
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either on the crucible lid or within the tube. Now pour in 
the (acidified) liquid to be tested through the funnel tube. 
The arsenic, if present, will come off as arseniuretted 
hydrogen, ASH3 (along with a large excess of free Hj), 
which will be decomposed, partly in the red-hot tube with 
formation of a mirror of metalUc arsenic, the rest wholly 
in the flame ; and the latter consequently will now deposit 
stains of metallic arsenic on the porcelain. This test is 
extremely delicate^ but not absolutely characteristic, as 
antimony solutions behave quite similarly to nascent 
hydrogen as arsenic ones do. But the two kinds of stains 
are easily distinguished. 

126. The arsenic stains are bright and metallic-looking ; 
they readily dissolve in bleaching-powder solution. Anti- 
mony stains (generally) are dull, sooty-looking ; they do not 
dissolve in the hypochlorite solutioQ. 

Either stain, when heated with yellow sulphide of am- 
monium, dissolves, and the liquid, on evaporation, leaves a 
residue of metallic sulphide. But while arsenic sulphide 
is yellow, the antimony sulphide formed (in this case) has 
a brick-red colour, and it readily dissolves in a drop of 
cold fuming hydrochloric acid. 

127. The arsenic mirror, when the portion of the tube 
which contains it is heated in a dry test-tube, is oxidised 
into white arsenic, which forms a sublimate in the test-tube, 
consisting of colourless, sparkling crystals, slowly soluble in 
hot water.* The 

128. Aqueous Solution of AsgOs obtained exhibits the 
following reactions : It is only feebly acid to litmus. HgS 
gives a yellow colorations a. precipitate of AS2S3 appears 
only on addition of HCL Nitrate of silver (generally) 
produces no change ; but when the mixture is very cautiously 
neutralised with (dilute) ammonia, a yellow precipitate of 
AsOgAgg comes down. 

129. To distinguish the Chloride Solutions ^Antiiziony 
and Tin, as produced by boiling the respective sulphides 
with hydrochloric acid, remove the bulk of the excess of 

. * Regarding the antimony mirror and other methods of discrimination, see 
the author's ManttaL 
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acid by evaporation, or cautious addition of carbonate (or 
hydrate) of soda-solution; then place the liquid in a 
platinum basin, and drop in a granule of zinc Both metals 
are precipitated as metals. But while the tin forms a 
metallic-looking crystalline deposit, which^ after removal of 
the mother liquor and excess of zinc, dissolves in hot hydro- 
chloric acid as SnQj ; the antimony always appears as a 
dull, sooty-looking deposit on the platinum, which is almost 
insoluble in hot hydrochloric acid. 

The stannous chloride solution obtained can be identified 
by means of mercuric chloride, which produces in it a 
white precipitate of calomeL It is as well to observe that 
this is not a test for tin, qud tin, but a test for a certain 
dass of reducing agents, including stannous salts. 

130. Appendix on Arsenic Acid. — A purely aqueous 
solution of this acid acts strongly on litmus. It gives no pre- 
cipitate with sulphiuretted hydrogen. But when hydrochloric 
acid is added besides the H2S, the arsenic acid, on stand- 
ing, is very slowly reduced to AS2OS, with precipitation of 
sulphur, which, however, gets mixed with the AS2S3, pro- 
duced from the AS2O3 by the excess of reagent. If there is 
enough of HgS, the arsenic, after 24 or 48 hours, is com- 
pletely precipitated as a kind of pseudo-pentasulphide — 
that is, as a mixture of AS2S3 + S2. This process goes on 
far more quickly at a temperature of 70 — 80' C. than in the 
cold. 

131. Before passing on to the Sulphide of Ammonium 
PrecipiUUey let us remind the student of the quasi-excep- 
tional reactions on sulphuretted hydrogen in the presence 
of free acid, of solutions of the oxides CrQs, Mixfi^^ Ttfi^ 
Such solutions, when treated with this combination of re- 
agents, give precipitates of sulphur with formation of solu- 
tions of salts of Cr208, MnO, FeO respectively. These 
reductions are accompanied by characteristic changes of 
colour. Solutions of Cr03 are intensely yellow or garnet- 
red ; those of MnjO^ still more intensely purple ; ferric-salt 
solutions are not necessarily coloured, but they become 
intensely yellow (from FeQ^) when heated with hydrochloric 
acid. On the other hand, solutions of CrjOs salts are viole^ 
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or green;* those of MnO and FeO salts are colourless- 
even in the heat and in the presence of free hydrochloric 
acid 

132. Let us now assume the solution to be analysed had 
either failed to act on HgS, or had been exhaustively treated 
with this reagent in the presence of hydrochloric acid, and 
the precipitate formed been filtered off. In this case, as in 
any other, we begin by noticing the colour of the liquid. 
Solutions of 

(i) FeO, MnO, ZnO, Al^O^ are colourless. 

(2) NiO : green (not very intense). 

(3) CoO : pink {more intensely so than NiO ones are green) ; 
when heated with funung hydrochloric acid, they become very 
intensely blue. 

(4) Cr^Os : intensely green or violet ; so intensely, that a cohur^ 
less solution may at once be put down as not containing any 
chromium. 

133. We next neutralise a portion of the liquid with 
ammonia, and add excess of sulphide of ammonium, and 
observe the colour of the precipitate : 

(i) CoS, MS, FeS are black. 

(2) CrjJDH)^ : green or violet 

(3) MnS: flesh-coloured when quite pure; when slightly 
impure, dirty white or gray; becomes brown by oxidation on 
exposure to air. Occasionally, especially when produced in the 
heat, the manganese precipitate exhibits a green colour. 

(4) Als(OH)g is a gelatinous, semi-transparent coloturless preci- 
pitate. 

(5) Zwi" is white. 

134. Supposing for a moment we had to deal with a 
mixed precipitate, we need only collect and wash it, and 
then treat it in the cold with 5 — 10 per cent HCI,t as shewn 
in Exercise 92, and we split up the mixture into two parts, 
separable by filtration — namely : 

* The violet ones become green on boiling. 

t In the absence of foreign groups and oxydising agents, the HCl may be 
added to the un^tered mixture. 
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(A) CoS and NiS^ which remain substantially undissolved ; and 

(B) The rest of the metals which pass into solution as chlorides ; * 
and 

135, Group B, again, might be split up into two parts, as 
follows : Boil the solution with a little chlorate of potash ; 
the ferrous salt only is oxidised (into ferric salt), which is at 
once recognised, in originally colourless solutions, by its 
intensely yellow colour ; vide 5ufira\ so that we have to deal, 
in general, with a mixture of sesquioxides, Fe^Os, CrjO^, 
Alj|0» and protoxides, MnO, ZnO. To separate these from 
each other, add to the cold dilute liquid (sal-ammoniac, if 
necessary, and) ammonia, drop by drop, until the mixture 
is strongly alkaline. The effect on simple solutions is as 
follows : 



The sesquioxides are predpitated 
as hydrates. Fe,(OH)0 is a 
brown precipitate. 



The protoxides remain dissolved. 
The MnO solution absorbs 
oxygen from the air, and 
becomes turbid from a brown 
hydrate of Mn,Oj. The ZnO 
solution remains clear. 



In the case of a mixed solution, to effect an (approximate) 
separation, boil off the free ammonia — that is, boil until the 
vapours no longer smell of NH3, and filter : 

Precipitate, — ^The sesquioxides + traces of the prot- 
oxides.t 

Filtrate. — MnO and ZnO only. The MnO solution now 
no longer absorbs oxygen from the air. H^S precipitates 
almost all the Zn as ZnS, but no manganese. 

136. We will assume now the O. S., or the solution derived 
from the sulphide of ammonium precipitate by treatment 
with acids, contained only one of the oxides of the iron 
group. In this case, what we have learned, enables us 
to discriminate between all the different oxides ; hence we 
may pass to giving data for 

* If no HsS were produced, this would prove the absence of all the 
tidphides ; comp. sect 95. 
t Consult sect 144. 

D 
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CONFIRMATORY TESTS. 

137. Cobalts — ^The sulphide dissolves in hydrocliloric 
add and chlorate of potash (or in aqua regia) in the heat 
as chloride. The solution (or O. S.) shews the fioUowing 
reactions : NH^Q and ammonia in excess : formation of a 
Ixown solution, which absorbs oxygen from the air, and 
becomes red. Concentrated solutions, when mixed with 
excess of nitrite of potash^ and then acidified with acetic 
acid, gradually deposit ' cobalt yellow ' (a douUe nitrite of 
CogOs and K2O). Remember the barax'bead test given in 
Exercise lu 

138. Nickel- — The sulphide is appreciably soluble in 
excess oi yellow sulphide of ammcmiuxE^ with f(»mation of 
a brown filtrate : a very characteristic reaction whidi, how- 
ever, frequently fails to come out when the precijutated 
sulphide of nickel is associated with other sulphides. Its 
solubilities are otherwise the same as those of the cobalt 
compound. In solutions of salts: Sal-ammoniac and 
ammonia produce a bltu liquid, permanent in air. Nitrite 
of potash^ &c. : negative result Borax bead: quite different 
from the cobalt one. See sect i r. 

139. Chromixun. — Regarding this metal, we refer to 
what has already been said, and to sects. 1 1 and 23. 

140. Maaganese.-'See sect 133 (3); and sects. 11 
and 22. 

141. Zinc— The sulphide is white, and does not change 
colour in air. To further identify it, place a little of the 
precipitate on one end of an asbestos stick, ^ roast' it over 
a Bunsen, moisten with a drop of cobalt solution, heat 
strongly, and allow to cool : a green compound of ZnO and 
CoaOg will be obtained. Comp. sect 15. 

142. Iron as FeO or FcjOs is easily identified by the 
methods given. The following tests enable one to dis- 
criminate between ferrous and ferric salt solutions : 



PHOSPHATES, OXALATES, ETC 



it 



Sulphuretted hydro- 
gen. 
Ferrocyanide of po- 

Ferricyanide of po* 

tassium. 
Sulphocyanate of K 

orNH^. 



FeO Salts. 
No change. 

White precipitate. 

Blue pcedpitate. 

No change. 



Fe,0, Salts. 

Precipitate of scd- 

phnr. 
Blue predpitate. 

Brown coloration. 

Deep blood -red 
colour. 



143. Alnminilim. — ^Pure alumina is a white solid, which, 
when heated on chaicoal in a blow-pipe flame, remains 
absolutely unchanged. When moistened with cobalt solu- 
tion, and then again heated strongly in an oxidising flame, 
it is converted into a compound of AlgOg and CoO, which, 
after coolings is blue. Many infusible alumina compounds 
— ^for example, kaoline (clay) — ^behave so far like alumina 
itsel£ 

Solutions of alumina salts, when mixed with caustic potash 
or soda, give a precipitate of alumina which is soluble in 
excess of reagent From the solution the alumina is re- 
precipitated by addition of sal-ammoniac — ^that is, by re- 
placement of the potash or soda by ammonia. This latter 
reaction serves to distinguish alumina from oxide of zinc, 
which, like the' former, is soluble in fixed caustic alkali, but 
unlike it, soluble also in ammonia. 

144 Appendix. — Besides the substances which we 
took into account in the general sketch of our scheme, a 
sulphide oi ammonium precipitate is hable to contain a 
number of salts of baryta, strontia, lime, magnesia, which, 
while sduble in acids (for example, HCl or HNO3}, are 
insoluble in water, and not decomposed by ammonia, nor 
by the ammonia potentially present in sulphide of ammo- 
nium. Acid solutions of this class of salts (of which phop- 
phaU of limey phosphaU of ammonia and magnesia, and 
oxalate of lime may be mentioned as being of compaiar 
tively fireqacat occucrence) behave to ammonia and sal- 
ammoniac like those of zdumina; but unlike these, whtt 
heated with excess of caustic alkali, they give pezmaftent 
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precipitates : phosphate of lime being precipitated as such, 
the magnesia salt yielding a precipitate of hydrate, Mg(OH)9» 
The latter, when dissolved in hydrochloric acid, is not re* 
precipitated by ammonia. 

The insoluble barium-group salts [for example, (P04)sCaJ 
are recognised, as compounds of that group of bases, by 
their giving a precipitate of sulphate on addition of 
sulphuric acid and alcohol to their solutions. 

145. The Carbonate of Ammonia Precipitate must in 
general be looked upon as a mixture of the carbonates of 
barium, strontium, and calcium. 

146., To search for barium^ dissolve the precipitate in 
acetic acid, and add bichromate of potash : the baryta only 
is precipitated — ^as a pale-yellow precipitate of BaCr04, 
which is readily identified by the flame test (given in 
sect 5). From the filtrate, the 

147. Strontium can be precipitated by addition of excess 
of sulphuric acid, and heating. After filtering off the 
SrOSOs, the calcium can be precipitated by means of 
carbonate of ammonia. But this method of separation is 
not exact, hence the SrS04, as well as the CaCOs, must be 
identified by special tests. 

METHODS OF IDENTIFICATION. 

148. Barium (z'i^^ jAT^nz). 

149. strontium compounds are identified by the flame 
test, which, however, if lime is not sure to be absent, had 
better be confirmed by means of the spectrum apparatus. 

150. Calcium. — A dilute solution of calcium salt, when 
mixed with sulphuric acid, gives a precipitate of sulphate 
only in the presence of alcohoL To make sure of the 
identity of the precipitated sulphate, filter it off, wash it 
two or three times with fifty per cent alcohol, and then with- 
hot water J the aqueous filtrate contains enough of CaO to 
give a distinct precipitate with oxalate of ammonia, which 
reagent, by the way, is the most delicate of calcium pred- 
pitants. 

161. The filtraUe from the Barium-group Precipitate can 
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contain no other metallic salts than such of magnesia, 
potashy and soda. To test for magnesia, add to a portion 
phosphate of ammonia and free ammonia, stir up violently, 
and allow to stand (for some hours if necessary). A pre- 
cipitate formed consists of P04MgNH4, and, if we filter it 
off, the potash and soda are in die filtrate. 

152. To extract them, add a quantity of pure milk of 
limef which must be sufficient to decompose the ammonia 
salts present, and to precipitate all the VJO^ ; boil down 
until the vapours no longer smell of NHt, then add a few 
drops of ferric chloride, and — after having made sure 
that the liquid is still strongly alkaline to turmeric 
—filter off the precipitate [Ca(OH)j, {VOiiJC^,t, PO^Fe]. 
From the filtrate precipitate the lime by carbonate of 
ammonia in the heat, filter, and evaporate the filtrate to 
complete dryness. Place the residue in a platinum 
crucible, and in it keep it at a dull red-heat, until the 
ammonia salts are driven off. The residue should, by 
theory, consist of soda and potash salts only. Prac- 
tically, it will, as a rule, not prove quite pure, but on 
being treated with a small quantity of water, leave a 
residue. Filter off the impurities, add a few drops of car- 
bonate of ammonia, heat, filter again, and evaporate the 
filtrate to dryness a second time, and, if a residue remains, 
subject it to the flame test (Exercise 5). If the flame- 
colour produced is violet^ this proves the presence of 
potash and the substantial absence of soda. If the flame 
is yellow^ this proves the presence of soda (which, how- 
ever, may only amount to a mere trace), but it does noi 
prove the absence of potash. The spectrum apparatus 
enables one to see the potash beside the soda rays. In 
any case it is as well to confirm the result by the wet- 
way tests to be given presently. 

153. Examination of a salt known to contain ho bases 
except KgO, Na^O, or (N 114)20. — Heat some to dull redness ; 
the NHs (although not necessarily the ammonium salt as 
a whole) goes off completely, so diat the residue can con- 
tain only potash and soda. To test for potash : 

164. First Method, — Dissolve in a very little water; 
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acidify, if necessary, with acetic add ; add bitariraU of soda, 
and stir up violently. The potash, if present^ comes down 
gradually as ' cream of tartar,' CJAfi^ . KH. 

155. Second Method — Dissolve in a very little water, and 
if the solution is alkaline, acidify sli|^tly with hydrochloric 
acid ; if not, add a drop or two of concentrated solution of 
NaCl, and then concentrated chloride of platinum, and 
allow to stand. The potassium, if present, is predpitated 
(slowly) as chloroplatinate, PtCl^Kj. The second method is 
utterly inapplicable,* the first is not safe^ in the presence of 
ammonia salts. ' 

Satisfactory wet-ws^ tests for soda are not known. 

156. Ammonia must always be searched for in the 
O. S. For this purpose add excess of caustic soda, and heat 
gently. If ammonia salts axe present, NHrgas is set freCy 
which is recognised : 

(i) G>mparatively large quantities: by the dmracteristic pun- 
.^;ent odour of the gas. 

(2) Lesser quantities : by its characteristic action on turmeric- 
paper. 

(3) The least traces by NessUr's Reagent or mercuric chloride. 
{a) NessUr's Reagent (a solution of the double salt Hgl, + 2KI m 

aqueous caustic potash or soda). — ^This reagent produces in even the 
most dilute solution of free ammonia, or of pure (NH^) salts^ a 
blown precipitate, at at least a brown coloration, of a compound, 
NjHgJ, + 2HA 

iff) Mercuric Chloride, — Very dilute solutions of this reagent are 
not predpitated by carbonate of soda ; but when the solution con* 
tai^ia ever so little of an ammonia salt, the carbonate of soda pro- 
duces a white precipitate of the chloride of a mercurammonium. 

Neither of these two tests {a and b) should be applied to 
complex solutions. From such the ammonia must be eliminated 
by distillation with caustic alkali, and searched for in the 
distiUate. 

* Ammonia aalts lieliaTe to diloride of platinum Eke potadi ones. Hm 
precipitate PtCl6(NH4)s looks like the K compound. 
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INSTRUCTION FOR THE DETECTION OF THE MORE 
COMMONL7 OCCURRING NON-METALLIC ACIDS. 

157. There is no convenient method known, by means of 
which even the small number of acids which we propose to 
take into account (supposing them to occur together in a 
given solution) could be divided analytically into groups, 
which might then be split up separately into their respec- 
tive members. What we must do, therefore, is merely to 
arrange the acids in our mind into groups in such a manner 
that each group is within the range of a certain general 
reagent, and then, in each analysis, to successively apply 
these reagents to separate portions of the original solution. 

158, The mode of classification which we propose to 
adopt is as follows : 

Group L — ^* Volatile' Acids.* 

Formula of 
_ Hydrogen Characteristic 

^*™®- Salt. Volatile Product. 

Carbonic H5CO3 COj 

Sulphhydric H,S H^S 

Hydrocyanic HNC HNC 

Sulphurous HjSOj SO, 

Thiosulphuric HjSjOg SO, 

Nitrous HNOj NO 

Hypochlorous HQO CljO or CI, 

Group Reagent, — Dilate sulphuric, or other mineral, add. 

Group II.— * Halogen ' (including Cyanogen) Acids. 

{AS Hydrochloric, HCl ; Hydrobromic, HBr ; Hydriodic, HI ; 
[Hycbrocyanic, HNC] jf Ferrocyanic, H4Fe(NC)j ; Ferricyanic^ 
H,Fe(NC)e ; Sulphocyanic, HNCO. 

{B) Iodic, HlOg; Bromic, HBrOg. 

(O Chloric, HClOa ; [Hypochlorous, HCIO], 
Group Reagent, — Nitrate of Silver. 

*That isy acids which, when liberated within a dilute aqueous solution, 
furnish gaseous products which can be liberated from the solution without tfao 
application of high temperatures. Hence muriatic acid, for instance, is not 
what weihere call a volatile acid. 

t The bracket meaiu : * Already named under a previous heading.' ' 
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Group IIL— Sulphur Acids. 
(A) Sulphuric, HjSO^. 
{£) (Sulphurous, H^SOs i Thiosulphuric, ^Sfi^, 

Group Reagint, — Chloride (or Nitrate) of Barium. 

Group IV. 
Orthophosphoric, HsP04 (and Arsenic, H3As04). 
Group ReagenL — Magnesia Mixture. 

Group V. 
Oxalic (and Phosphoric). 

Group ReagenL-^-GilondLt of Calciunu 

Group VL 

Nitric, HNO, ; (Nitrous, HNOj). 

Group Reagent, — ^Ferrous Sulphate* 

Group VII.— Boric Acid. 

Group VIIL— Silicic Acid.* 

Group IX. — ^•Organic' Acids. 

(That is, compounds of the radicle, COOH.) Only a few of 
thb very numerous class will be considered individually. 

Instruction. 

159. Supposing for a moment the substance to be 
examined were a solid salt. In this case we begin by 
studying its behaviour (i) when heated, and (2) when 
treated with concentrated sulphuric acidy and note the 
effects. 

160. (i) When heated (on platinuni foil), most organic 
acid salts yield black charcoal, and, in the presence of 
alkalies or BaO, SrO, CaO, as bases, even those that do 
not, leave a residue containing carbonate^ and conse- 
quently giving off CO2 on addition of an acid. 

Chlorates^ also nitrates, give off oxygen-z^i^^ recognisable 
by the well-known glowing-splinter test In the treatment 
with 

* Hydrofluoric should come in between VIII. and IX., as an acid of very 
common occurrence in minerals ; but we do not intend to consider it. 



ACIDS ; PRELIMINARY TESTS. 57 

161. (2) Concentrated sulphuric acid, which should first 
be applied cold, then hot, there is : 

[Oxyg-^n eoolved: From permanganates^ chromates, peroxides.] 

Chlorine: From chlorides + oxydising agents. 

Peroxide of Chlorine: A deep yellow gas : from chlorates. 
Action violent ;* Mixture yellow. 

Iodine Vapours: From iodides, and from (iodates + reducing 
agents). 

Bromine Vapours : (Brown) from bromides and bromates. 

Muriatic Acid Fumes : f From muriates. 

Nitrous Fumes : (Brown) from nitrites ; on addition of copper, 
also from nitrates. 

CO, : From carbonates. 

CO, + CO : From oxalates. 

[CO pure : From formates.] 

Charcoal and gases : From many organic compounds. 

162. After these preliminaries we must bring the substance 
(or the acids contained in it) into solution, so that the acids 
remain undecomposed and are fiot associated with incon- 
venient bases. Regarding the methods to be used for 
this purpose, we refer to the author's Manual, Supposing 
the solution or solutions to be prepared, we apply to them 
successively the several group reagents named in our list, 
in the order in which they are there enumerated. We 
accordingly begin by searching for volatile acids by 
means of 

L DILUTE MINERAL ACID. 

163. We generally prefer sulphuric, because it is abso- 
lutely non-' volatile,' but occasionally substitute hydrochloric 
or nitric, to avoid the ^formation oi precipitates of sulphates 
or chlorides (such as BaS04, AgQ, &&). In applying this 
reagent, remember that the object is to liberate the acid 
sought for, which necessitates the use of a considerable 
excess of reagent If there is no visible effect in the cold, 
apply a genUe heat Besides searching for the volatile 
products named in sect 158, look for a precipitate in the 
mixture. A precipitate of 

* Beware of explosions I f See sect. 3a. 
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(i) White wSSkysuJphur indicates pdysalplude, such as KgS . S. 

(2) Ydl<nv Sulphur : i\iiosoi^^iiia^ 

(3) * Silica ' — a gelatinous white or colourless precipitate : alka- 
line alicate. But the non-appearance of a silica-precipitate does 
not prove the absence of silicate. The volatile products to be 
looked for are : 

164. (i) Carbonic Acid^ CO2.— This product, when liberated 
in quantity, effervesces away as a colourless, inodorous gas, 
precipitating lime-water (sect 55). Small quantities remain 
dissolved in the liquid, and must be eliminated either by a 
short ebullition, or by means of hydrogen generated within 
the liquid by adding a piece of zinc* The COj liberated 
by either means must be passed through the lime-water by 
means of a gas-evolution tube, adapted to the reaction- 
vesseL Baryta-water is a more delicate reagent for CO2 
than lime-water, but it is liable to become turbid from SO2 
and (mechanically carried over) sulphate. 

165. (2) Sulphuretted Hydrogen, — Large quantities effer- 
vesce off; but even when there is not enough of the gas 
formed to cause an effervescence, some of it soon gets 
diffused through the atmosphere of the test-tube, and t^re 
can easily be detected and recognised by its smell and 
action on lead-paper (comp. sect 74). 

166. (3) Hydrocyanic Acid never comes off with effer- 
vescence ; but readily diffuses out of the liquid into the 
air even in the cold ,* the least traces being readily detected 
and recognised by its characteristic odour, which, if the 
quantity is not very minute, is accompanied by a peculiar 
sensation in the back of the mouth.t Of chemical tests the 
following two may be named : 

167. (flf) Liberate the NCH by addition of dilute H2SO4 
(not by HCl) in a beaker, and cover the latter with glass 
plate^ to which a drop of nitrate of silver has previously 
been attached. The NCH liberated gradually collects in 

* In this case, if lower sulphur acids than HSSO4 are present, H^ it 
evolved. 

t Hydrocyanic acid being dangerously poisonous, the verification of the 
above statements should be effected with very dilute solutions, prepared by the 
teacher for the purpose. 
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€tie silver solation, and produces a tarbidity of cyanide 
of silver. 

(^) Or else : collect the NCH in a drop of caustic soda 
lye, spread over the glass plate, as cyanide of sodium, and 
identify the latter by means of the Prussian-blue test, to be 
given in sect 176. 

168. (4) Sulphurous Acid. — No effervescence in the cold, 
and not even on gentle heating, unless the solution is 
exceptionally highly concentrated. The gas readily escapes 
from the mixture by diffusion ; it is recognised by its smell 
and by its decolourising a paper moistened with perman- 
ganate of potash. 

169. (5) Nitric Oxide is liberated from sufficiently con- 
centrated solutions of nitrites. Forms red fumes of N20^ 
in the air. Small quantities of nitrous acid liberated within 
much water remain undecomposed, but can be recognised 
by the reactions to be given in sect 188. 

170. (6) CA/(j7rw«^— liberated from mixtures of hypochlo- 
rites and chlorides, such as bleaching-powder, is recognised 
by its yellow colour (when not too largely diluted with air ); 
by its characteristic smell, and by its power of bleaching 
moist litmus and indigo paper ; the least traces : by means 
of iodide-of-potassium-and-starch paper, which becomes 
blue when brought in contact with chlorine. 

IL NITRATE OF SILVER. 

171. This reagent, as already stated, serves chiefly for 
the detection of the halogen acids. But before applying 
it for that purpose, it is as well to use it as a reagent for 
sulphide and thiosulphate, either of which might possibly 
have escaped detection in Operation I. 

172. Sulphide solutions (with the reagent) give black 
precipitates of sulphide of silver, insoluble in alkalies 
(including ammonia), and insoluble in cold dilute nitric 
acid. 

173. Thiosulphate solutions give white precipitates of 
^^^z (soluble in excess of alkaline thiosulphate), which, 
when the mixture is heated, break up into sulphide of 
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silver and salphuric acid : AgsS^O, = Ag^S + SO^* Assum- 
ing now these two classes of salts to be absent^ then to 
test for 

174 Sub-groups A and Bj acidify some of the O. S. with, 
nitric acid (if necessary), add nitrate of silver in excess, 
and then more nitric acid. A permanent precipitate con- 
tains what is present of A or B, as silver saks ; the filtrate 
(besides more or less of the bromate, which is never com- 
pletely precipitated) contains the sub-group C (and possibly 
many other acids besides). 

If A or B were found present^ next test samples of the 
O. S. as follows, for the 

175. (i) Complex cyanogen acids by means of ferric 
chloride and ferrous salt, according to sect 142. In the 
case of a negative result,* test for (simple) 

176. (2) Cyanides as follows : Add to the O. S. (i) caustic 
soda in excess, (2) ferrous salt, (3) excess of hydrochloric 
acid, (4) ferric salt If cyanides were present, there is 
formed a blue precipitate (or green coloration) of Prussian 
blue, (NQeFe . fe4 ; ' fe' = kY^" = ^ parts of * ferricum.' 
In the absence of NCH, search 

177. (3) Tor Iodides and Bromides hy means of chlorine 
water (which must not be applied to alkaline solutions). 
The respective radicles, if present, are eliminated as Ig and 
Brg respectively, which, if the solution was dilute,t remain 
dissolved, imparting to the solution a brown or yellow 
colour. When the liquid is shaken with bisulphide of 
carbon (or chloroform) the halogen passes into the bisul- 
phide (or chloroform), imparting to it, if the halogen is Ij, 
an intense violet colour ; if Br2, a somewhat less intense 
yellowish-red colour. 

Another reagent for distinguishing the two halogens is 
starch solution, which, when added to free iodine, strikes 
an intense blue colour ; (bromine solutions become 
yellow). 

178. Special Tests for Iodides. — ^The silver salt is insol- 

* The other aide of the alternative we cannot afford to consider, 
t Iodine may separate out as a heavy black precipitate. 
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uble in ammonia ; all other silver precipitates (except AgjS) 
are soluble in this reagent Nitrous acid (produced in the 
O. S. by adding first nitrite of potash and then excess of 
dilute sulphuric acid) liberates iodine^ which can be recog- 
nised as above. Hydrobromic acid is not decomposed 
by NgOj, Free iodine, as liberated from iodides by CI2, 
is decolourised by addition of excess of chlorine, being 
transformed thereby into iodic acid, which does not act 
visibly on starch nor on bisulphide of carbon or chloro- 
form. 

179. (4) Bromates and lodates are easily distinguished 
from the corresponding haloids by their not giving free 
halogen with chlorine water, but doing so on cautious 
addition of sulphurous acid to the previously acidified 
solution. Excess of reagent takes away the free halogen 
by converting it into HI or H Br respectively. 

If all these tests (sects. 175 to 179) give negative results, 
although the group A + B was proved to be present, the 
solution must contain chloride. 

180. We will now proceed to shew how Sub-Group C 
can be detected in the presence of chloride. Acidify the 
0. S. with nitric acid in the cold, and by addition of nitrate 
of silver in excess and filtration, eliminate the chloride^ 
chlorine. To the filtrate add excess of sulphurous acid, and 
heat ; the CI both of the HCIO and HCIO3 is now precipi- 
tated as AgCl, mixed with more or less of sulphite of silver, 
which, however, is readily removed by heating the precipi- 
tate with dilute nitric acid. 

181. The discrimination of the two acids * C ' offers no 
difficulty. Hypochlorite solutions, even if alkaline, decol- 
ourise indigo-solution in the cold. Chlorate solutions do 
not, not even after acidification with sulphuric acid ; but 
when sulphurous acid is added to the blue mixture, the 
colour disappears through reduction of the HClOa to HCIO. 

182. Appendix, — Of nitrate of silver precipitates soluble 
in nitric acid, the following may be mentioned as possessing 
characteristic properties : 
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The orthophosphate^ AgsP04 ^ Yellow. 

arsenate, Ag,A504^ ^ Brown-red. 

arsenite, Ag^O, ...^•...Egg-yellow. 

chromate, Ag^CrO^...... .^....Red. 

oxide, Agfi Dark brown. 

sulphite^ Ag^SOs White, rather difficoltly 

soluble in HNO,. 

nt CHLORIDE OF BARIUM.* 

183. There is a great number of acids which from 
neutral solutions of their salts are precipitated by chloride 
of barium, but only one of the baryta salts thus producible 
is insoluble in aqueous mineral acids — namdy, the sulphate, 
(Compare sect 29.) 

184. Sulphurous can be oxidised into sulphuric acid by 
the action of iodine [solution of iodine in iodide-of-potas- 
sium solution ; the (brown) I^ is reduced to (colourless) 
iodide], and by many other oxydising agents ; also by the 
method given in the following sect, for 

185. Thiosulphate, — ^To convert thiosulphate into sul- 
phate, add excess of pure caustic potash,t ancL excess of 
permanganate^ and heat The reagent is reduced to 
hydrated binoxide, which is precipitated. To reduce the 
excess of Mn207(or MnOs)K209 add a few drops of 
alcohol, and heat Filter. The filtrate contains all the 
sulphur of the original thiosulphate as sulphate.^ 

Iodine is decolourised by thiosulphate in neutral solutions^ 
as also in the presence of free acid or of alkaline carbonate^ 
with formation of tetrathionate^ 'B^fi^ which does sot 
precipitate BaCl^. 

IV. MAGNESIA MIXTURE 

186. (As explained in sects. 69 and 70) is a delicate and 
characteristic precipitant ioit orthophospharic and arsenic 
acids. Regarding discrimination, consult sect. 13011 

* Or nitzate, if the solution contaias siiver-group oxideir 
t Even the commercial alkali, as a rule, is fit« fronv while moct Icixkls 
of caustic soda are contaminated with, sulphate. 
% Applies to all lower sulphur adds (except SaOeRsI)* 
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V. CHLORIDE OF CALCIUM, 

187. From neutral or alkaline solutions, precipitates 
fhosphoricy arsenic, arsenious, oxalic^ carbonic (and also a 
number of other oiganic) acids. The phosphaie is gela- 
tinous ; it dissolves in acetic acid. 

The oxalate is powdery, and has the highly characteristic 
property of being insoluble in acetic acid. To identify 
precipitated oxalate of lime (or any other oxalate), boil with 
dilute sulphiuic acid, and then add permanganate of potash ; 
the oxalic is oxidised into carbonic acid, which escapes as 
CO2, while the reagent is decolourised, being reduced to 
manganous salt 

VI. FERROUS SULPHATE 

Is used for the detection of nitric and nitrous acid. 

188. To detect nitrite (in a solution) add a slight excess 
of dilute sulphuric acid, and then saturated solution of the 
xeagent ; NO is produced, which dissolves in the ferrous 
solution with production of a black coloration. Even 
the most dilute solutions of nitrites, when acidified by 
dilute sulphuric acid, decolourise permanganate^ and libe- 
rate iodine from iodide-of-potassium. The same tests when 
applied to 

189. Nitrate give negative results. But the black 
nitric-oxide compound can be produced by adding to the 
O. S. first its own volume of vitriol^ and then (after cooling) 
pouring the group xeagent on the Xxxp of the mixture. The 
vitriol virtually takes away the water, and leaves real HNO3 
which then acts on part of the ferrous salt with formation of 
ferric salt, and of NO which diss(dves in the ferrous layer 
and produces the cdour. 

VIL BORATES. 

190. The solutions of the ordinary alkaline borates have 
an alkaline reaction like one of carbonate. On addition of 
hydrochloric acid, boric acid is set free, which is detected 



64 ANALYTICAL CHEMISTRY. 

by drenching a piece of turmeric-paper with the mixture, 
and drying it at a gentle heat, when it assumes a dark 
brown-red colour. But hydrochloric acid alone produces a 
somewhat similar effect ; hence this test should always be 
accompanied by a blank experiment. 

To identify a solid borate, treat it with oil of vitriol in a 
basin, add alcohol, and then set fire to the mixture. The 
borate of ethyl vapours produced cause the flame to 
exhibit a green colour. 



VIIL SILICATES. 

191. Anhydrous silica, SiOjp is absolutely — the pre- 
cipitated hydrates are relatively — insoluble in all acids 
except hydrofluoric. It is absolutely infusible; but when 
fused up with a carbonate soda bead, it readily dissolves 
in the reagent, with evolution of COs, and formation of a 
glass which, if it contains a sufficiency of SiO,, remains 
clear on cooling. 

Alkaline silicates dissolve in water with formation (in 
general) of alkaline liquids. These, when mixed with 
excess of hydrochloric acid, are decomposed with liberation 
(but not necessarily with precipitation) of silica. Evaporate 
to dryness, and re-dissolve in water : the whole of the silica 
now remains imdissolved. 



The student should assume our ' Instruction for the Detection of 
Acids ' to terminate here, and before going further should practise 
both it and that given before for bases ; first, with a selection of 
substances of known, and then with a greater variety of substances 
of unknown composition selected for him by his teacher. This 
system he must continue until he has completely mastered the 
whole of what we have attempted to teach him in the way of 
methods of salt analysis. He may then pass on to the following 
exerdses on 
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IX, ORGANIC ACIDS. 
(Compounds of COOH.) 

Of this very numerous family (which includes several hun- 
dred members) only two — ^namely, carbonic and oxalic acid 
— ^wcre noticed in our * Instruction.' We selected these two 
because, besides being of very frequent occurrence, they are 
almost the only ones for the detection of which it is possible 
to give straightforward rules of anything like general appli- 
cability. The following exercises on tartaric and acetic acid 
are meant to illustrate generic methods for the detection of 
organic acids generally, the former having been chosen as 
a representative of the non-volatile, the latter as one of the 
volatile members of the family. 

192. Take a crystal of tartaric add, C4HgOe = (C2H4O2) 
(C00H)2» and heat it on a piece of platinum foil. The 
acid first melts, and is then decomposed with evolution of 
inflammable gases, and formation of a black residue of 
charcoal, which latter, when heated in air, bums away 
completely (into COJ. 

193. Heat a fragment of tartaric acid (or any tartrate) in 
a dry test-tube with oil of vitrioL The acid undergoes a 
complete decomposition, with formation of a black semi- 
fluid mass containing charcoal, and evolution of CO^ SO,, 
and other gases. 

194. Dissolve a few decigrams of tartaric acid in water, 
and neutralise the solution partially with caustic soda, 
potash, or baryta. Evaporate to dryness, and heat the 
residue in a close crucible, as long as any volatile products 
are seen to go off. Examine the residue. You will find 
it to consist of (black) charcoal mixed with the carbonate 
of the base employed ; the latter is readily identified by 
addition of hydrochloric acid and identification of the CO, 
evolved. 

195. Repeat the last exercise with acetic acid and barjrta. 

The ignited residue this time is not black, but, as before, 

contains all the baryta as carbonate. 

Queries: How would you test for organic acids in ^ 

£ 
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mixture of salts known to contain carbonates? Anent 
194, why did we recommend /ar^/ saturation ? 

196. Place i — 2 grms. of acetate of soda in a retort con- 
nected with a condenser; add a slight excess* of 20 per cent, 
sulphuric acid, and distil as long as drops of distillate come 
over ; best out of an oil-bath kept below \yf C Then add 
to the residue a little watn and resume the distillation. 
The distillate contains the acetic acid of tiie salt as such, 
mixed of course with much water. This, bating certain 
limitations, is a general method for the isolation of volatile 
acids, and their separation from non-volatile ones. Of 
inorganic yxAaSc^'^ acids which might pass into the distillate, 
hydrochloric and nitric are the most common. These, hi 
present, may be removed by re-4istilling the distillate after 
addition of excess of sulphate of soda. What excess means^ 
follows from equation Na,S04 + HQ = NaQ + NaHS04. 
Try this method with your distillate after having contami- 
nated it expressly with a little hydrochloric acid. Keep 
the purified distillate for the specific tests to be given in 
sect 20a 

Identification of individual Acids. 
Acetic Acm, CHa.COOH. 

197. Procure specimens of (a) glacial acetic acid ; {p) 
acetate of potash ; (^) crystals of acetate of soda, CjHsNaO, 
+3HaO; \d) crystals of * sugar of lead' (C:,H80j),Pb + 
3H,0, and familiarise yourself with their general properties. 

198. Place i — 2 grms. oi acetate of soda in a silver dish 
(as used for theCrjOs test), and heat it over a Bunsen lamp. 
The salt first dissolves in its * crystal water,' which, however, 
is soon driven off, when the anhydrous salt remains as a 
solid mass. On further heating, Xhis solid melts, but up to 
about 500"* Ct it undergoes no chemical change. At a red- 

* To insure the presence of a moderate excess, use a standardised acid, and 
calculate the quantity required, as if the aak to be decomposed were carbonate, 
Na^Os. 

t This high degree of stability is characteristic of alkaline aceiaUs; the 
alkaline salts of most other organic adds ate decomposed at such a hi^^ 
•temperature. 
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heat the salt is slowly decomposed with formalion of 
carbonate^ but without blackening. 

After having verified these statements, add to the fused 
salt a fragment of caustic potash or soda ; flames of marsh- 
gas, CH4, burst forth from the mass. 

199. Heat some acetate of lime in a hard glass tube to 
dull redness. It is decomposed into aceton vapour which 
escapes, and carbonate of lime which remains. No charcoal 
is formed. Identify the carbonate. Give the equations 
of the reactions referred to in sects. 198 and 199^ 

200. Take specimens of dilute acetic acid (or of the 
distillate produced in exercise, sect 196), and subject them 
severally to the following operations : 

201. (A) Add some dilute sulphuric acid, and one drop of 
bichromate of potash^ and heat the mixture for, say, half ^an 
hour in a (boiling) water-bath. There is no change in either 
the acid or the reagent* 

A similar negative result is obtained when permanganate 
of potash is substituted for the chromate. 

202. (B) Boil with precipitated oxide of mercury for a 
while, and filter. The filtrate contains mercuric acetate. 

203. (C) Add some drops of nitrate of silver^ and heat. 
There is no visible change. 

204. (D) Neutralise cautiously with (say) baryta water ; 
add nitrate of silver, and heat Acetate of silver m^y come 
down on cooling as a crystalline precipitate ; but in no case 
is the silver salt redttced to metaL 

205. (E) Neutralise with a convenient base, and evaporate 
to a small volume (or take a strong solution of, say, ready- 
made acetate of soda) ; add one volume of concentrated 
sulphuric acid and some alcohol, and heat Acetic ether 
vapour is evolved, which exhibits a characteristic agreeable 
smelL 

206. Note. — ^Acetic acid is the second term in a latge 
homologous series of acids of the general formula, CmH2„02 
or (C^Ha^ +i)COOH, called fatty acids. 

* Holds for ft ' laige minority' of oirganic adds. Most organic acida are 
oxidised by the CrOj, which, by loss of oxygen, is reduced to (green) chromic 
salt 
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Any two or three successive terms of this series are in 
general very similar, so that it is difficult to disting^uish 
them from one another. This, however, does not hold 
for the first two terms, as will be seen by the following 
exercises on 

Formic Acid, H . COOH. 

207. Heat some formate of lime in a hard glass tube over 
a Bunsen. The salt is decomposed with formation of the 
aldehyde CH2O, which escapes, and of a residue of pure 
(charcoal-fire) carbonate. 

208. Heat some of the same salt (or any other formate) 
with 60 per cent, sulphuric acid in a test-tube, provided 
with a gas-evolution tube. The salt is decomposed with 
evolution of pure carbonic oxide^ a colourless gas, which, 
when kindled, bums with a blue flame into carbonic acid. 
There is no charcoal formed, the liberated acid being simply 
dehydrated by the vitriol, and reduced to CO = CH^Oj — 
HjO. 

Verify the following statements ^ and contrast the results with 
those of the corresponding experiments on acetic acid: 

209. Aqueous formic acid, when boiled with (precipitated) 
oxide of mercury^ gives oflf carbonic acid with formation of 
a black precipitate of metallic mercury. 

210. When a solution of formic acid or of a formate is 
mixed with nitrate of silver^ a white precipitate of formate 
of silver may'\^ produced; but in any case the mixture, 
when heated, gives a black precipitate of metallic silver, 
with evolution of CO29 according to equation : 

CH A -f AgjO = Aga -f HjO + QO^ 

211. A solution of formic acid, when mixed with chloride 
of platinum and an excess of carbonate of soda^ deposits, 
on boiling, a black precipitate of metallic platinum, the 
formate being oxidised into carbonate. 

212. The aqueous acid, when heated with carbonate (or 

* Not potash, which would produce a precipitate of PtClaKf. 
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Dxide) of lead, dissolves the oxide, and the filtered liquid 
(if not too dilute) deposits, on cooling, sparingly soluble 
crystals of the salt (CH02)2Pb. 

Tartaric Acid. 

(Recapitulate sects, ^gz [to 194, and then continue, as 
follows) : 

213. Neutralise a (say, 5-per-cent.) solution of tartaric 
acid with one of caustic potash. The liquid now contains 
the normal potassic tartrate, which, being very solubki 
remains dissolved. 

214. To the neutral liquid produced, add a quantity of 
tartaric acid solution, and stir with a glass rod. An abun- 
dant crystalline precipitate of the * bitartrate,' C4H5KOJ 
(*cream-of-tartar') is formed. The precipitate dissolves 
readily on addition of excess of caustic potash (or NaHO^ 
or NH4HO) ; or of hydrochloric (sulphuric or nitric), but 
it is not materially attacked by moderate quantities of 
acetic, acid. After having verified these statements, 

215. Neutralise some of the tartaric acid solution with 
caustic soda ; then acidify with acetic acid ; and after having 
satisfied yourself that the solution remains clear, add a little 
of a concentrated solution of acetate of potash, and stir. 
A precipitate of cream-of-tartar soon makes its appearance. 

216. To a solution of tartaric acid, add excess of lime" 
water : a precipitate of tartrate of lime is produced. 

217. To a solution of normal alkaline tartrate (say, 
Rochelle salt), add one of chloride of calcium as long as a 
precipitate is formed. The precipitate is identical with the 
one obtained in sect 216. Collect the lime-salt on a filter, 
wash it with water, and then boil it in a basin with a solu- 
tion of carbonate of potash for about five minutes, to con- 
vert the lime-salt into a solution of the normal potash salt 
Filter off the carbonate of lime, acidify the filtrate by 
means of acetic acid, and stir. Bitartrate of potash is pro- 
duced, and comes down as a precipitate — more readily on 
addition of alcohol. 

218. Mix I grm. of cream-of-tartar, i'6 grm. of oxide 
of antimony (SbgOg), and 30 cc of water in a basin, and 
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boil the mixture for about a quarter of an hour (replacing 
from time to time the vaporised water), and then filter off 
what is left undissolved. The filtrate is a solution of tartar- 
emetic^ which, by evaporating the solution to a small enough 
volume, and allowing it to cool, may be obtained in crystals 

(of the composition C4H40e {550 ^" ^ ^a^). In this re- 
action, the Sb203 behaves as if it were a monbidde 
(Sb20,)0, combining, under the circumstances, with HgO 
into a banc hydrate (SbaOj)© + HjO = 2(SbO)OH, ana- 
logous to KOH. From these data deduce the equation of 
the reaction. 

219. To some of your tartar-emetic solution add hydro- 
chloric acid, drop by drop<: a precipitate of SbOQ is pro- 
duced, which, however, dissolves in excess of the acid. 

220. To another portion add sulphuretted hydrogen in 
cccess (without HCl). The antimony is completely preci- 
pitated as sulphide, SbgSg. What is in the filtrate ? Verify 
your answer experimentally. 

Citric Acid, CjHjO . (COOH),. 

. 221. Procure a specimen of citric-acid crystals, and 
jobserve their general properties and their behaviour (a) 
when heated by themselves; (3) when heated with oil of 
vitrioL Then dissolve some of the acid in about twenty 
times its weight of water, and use the solution for the 
following tests, always contrasting the results with those 
obtained under similar circumstances with tartaric acid : 

222. To some of the solution add excess of lime-water; 
the solution remains clear; on long-continued boiling, 
citrate of lune is precipitated. 

223. Take another portion, and neutralise it by very gra- 
dual addition of caustic potash. No precipitate is formed 
at any stage of the process. 

224. Take another portion, neutralise it with caustic soda 
or potash, and add chloride of calcium : a precipitate of 
citrate of lime is produced. Collect and wash the preci- 
pitate, and subject it to the operation described in sect 2x7 
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for obtaining a cream-of-tartar precipitate from tartrate of 
lime. The result will be negative. 

Succinic Acid, CjH4 . (COOH),. 

225. Procure a specimen of the crystallised acid, observe 
the appearance of the crystals and their behaviour to water 
in the cold and in the heat, and report. 

226w Heat a few crystals cautiously over a Bunsen in a 
dry test-tube. The acid sublimes — ^part of it as anhydride, 
C4H4O3 — without charring, 

227. Heat another specimen with oil of vitriol: the acid 
dissolves without charring or gas-evolution. 

Dissolve I grm. of the acid in about 50 grms. of water, 
and use separate portions of the solution for the following 
experiments : 

228. (A) Add some dilute sulphuric acid and a drop of 
permanganate of potash solution. There is no visible 
change, not even on boiling. 

229. (B) Supersaturate with pure caustic soda^ and colour 
with permanganate. There is no change in the cold ; on 
heating, the mixture (which is at first red) slowly assumes a 
violet tinge, indicating a gradual but slow oxidation of the 
acid. 

230. (C) Neutralise with ammonia, and 2AA ferric chloride: 
the acid is precipitated in the form of a brownish red 
ferric salt 

Benzoic Acid, CgHg . (COOH). 

Procure a specimen of crystallised acid, and examine it 
in a general way.* Then 

231. Heat some of the acid in a dry test-tube over a 
Bunsen. The acid fuses (at lai"" C), and gradually sub- 
limes without residue ; the sublimate forms slender silky- 
white needles. The vapours have a peculiar smelL 

232. Mix one part of benzoic acid with about 25 parts, by 
weight, of cold water : the acid does not dissolve visibly. 
Now heat to boiling : the acid does dissolve, but on cooling 

* Observe that die pure acid has no smelL The pleasant odour observed in 
tile niarmacopceia add is owing to an impurity* 
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it separates out again almost completely, as it requires 
about 600 times its weight of cold water for solution. 

233. To the magma of benzoic acid and water obtained 
in the last exercise, add caustic soda, drop by drop, to 
produce a (slightly alkaline) solution of benzoate of soda. 
Use separate quantities of the solution for the following 
tests : 

234 (A) Acidify with hydrochloric acid : a precipitate of 
benzoic acid is formed. (Tartaric, citric, succinic acid, 
when thus liberated, remain dissolved.) 

(B) Add a solution of ferric chloride, previously mixed 
with as much ammonia as can be added without producing 
a permanent precipitate. The acid is precipitated as a 
voluminous pale-red basic ferric salt 



The general student may break off here ; the following Appendix 
being added chiefly for the benefit of medical students, * 
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ALKALOIDS. 

235. This term is customarily applied to the nitrogenous 
bases of the vegetable kingdom. These may be divided into 
two classes, namely : 

(i) The Non-oxygenated Bases, — All volatile liquids of 
the elementary composition, QHyNf, insoluble or slightly 
soluble in water, but soluble in ether. All more or less 
closely allied to ammonia in their chemical character. 
Examples : Nicotine, the alkaloid of tobacco ; conia, the 
alkaloid of hemlock. 

(2) Oxygenated Bases, — These all contain oxygen besides 
Cy H, N. They are less closely, allied than the first class 
to ammonia. The free bases generally are crystalline solids, 
insoluble or sparingly soluble in water, but more readily 
soluble as a rule in alcohol, ether, phloroform. They are 
all soluble in aqueous mineral (and many organic) acids, 
forming salts. To become acquainted with some of the 

General Methods 

for the detection of alkaloids as a class of bodies, the student 
may practise the following exercises with, say, a solution of 
sulphate of quinine, as obtained by shaking the commercial 
sulphate with 100 times its weight of water and adding 
sulphuric acid, drop by drop, until a clear solution is 
produced. 

{To separate portions of this solution add) 

236. (A) Caustic potash, or soda. The alkaloid is almost 
completely precipitated ; the precipitate is insoluble in excess 
of the alkali. Many other oxygenated alkaloids behave 
similarly, except that some, for example morphiai do 
dissolve in an excess of reagent 
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237. Collect the precipitate (best produced with caustic 
sodd^ on a filter, wash it with small instalments of cold 
water, dissolve it in a litde water acidulated by hydrochloric 
add, add chloride of platinum, evaporate on a water-bath to 
a small volume and add alcohol : a yellow precipitate not 
unlike in appearance^ and closely analogous in constitution, 
to chloroplatinate of ammonium is produced. All alkaloids 
form such chloropladnates, but the solubilities of these vary 
very much from one species to the other. 

5S8. (B) Add a solution of iodifu in aqueous iodide of 
fotassiuM. A flocculent brown precipitate is formed which 
contains the alkaloid in the form of a polyiodide (compound 
of hydriodate with extra iodine). 

(C) Add solution of the double salt^ Hgl, + SKI : the 
quinine is completely precipitated in combination with 
mercuric iodide. 

(D) Add solution of fkospho-mofybdic add: the alkaloid 
is precipitated in the form of a yellow phospho-molybdate, 
analogous in constitution to the well-known yellow ammonia 
compound obtained in testing for phosphoric acid with 
molybdate of ammonia. The precipitate is almost insoluble 
in all ordinary dilute acids, except phosphoric It can be 
washed without loss with very dilute nitric acid mixed with 
some of the reagent. After having thus washed your pre- 
cipitate, treat it with carbonate of potash solution : it 
dissolves with liberation of quinine^ which may appear as a 
precipitate, but — whether or no— can be extracted from the 
mixture by shaking it with ether. The ethereal layer, when 
allowed to evaporate spontaneously, furnishes crystals of 
the alkaloid. 

(E) Add solution of meta^tungstic acid: the alkaloid 
is precipitated as a meta-tungstate. This is a perfectly 
general and very delicate reaction. From the washed 
precipitate the alkaloid can be eliminated by treatment 
with baryta-water, and isolated by distillation, if it is 
a volatile one. or by shaking the mixture with ether or 
chloroform. 

Reactions B, C, D, £ apply to all alkaldds ^rithoot 
exception. 
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special Tests for the Identification of Individual Alkaloids. 

239. Qninine. — (Use a solution of the commercial sul- 
pbate in water acidulated with sulphuric acid.) This solu- 
tion exhibits blue fluorescence. The precipitate produced 
in it by addition of ammonia dissolves when the mixture 
is shaken with ether. (This distinguishes quinine from 
cinchonine.) 

The solution when mixed, first with chlorine water and 
then with ammonia, strikes an intense green colour. 

240. Morphia. — ^The free alkaloid is insoluble in ether ; 
most alkaloids are soluble in this menstruum. 

To a solution of the muriate add, drop by drop, caustic 
potash : the precipitate of morphia first produced dissolves 
in excess of reagent. (Most other alkaloids are insoluble in 
alkalies) 

To otiier two separate 'portions add (a) neutral ferric 
chloride, if) iodic acid. The (a) mixture assumes a blue, 
the {J}) a brown colour ; this brown colour is partially due 
to the presence of free iodine, which is readily identified by 
means of starch or bisulphide of carbon. 

241. Stryclmilie. — Solutions of this alkaloid have a 
bitter taste of characteristically great intensity and persist- 
ence. 

Dissolve a few milligrams of strychnine or strychnine 
salt in a few drops of oil of vitriol on a watch-glass, and to 
the colourless solution produced add a granule of bichro- 
mate of potash : there appears a most intense violet colour, 
which after some time passes into yellowish-red. 

From solutions containing as little as i grm. of strychnine 
per litre, the alkaloid is precipitated (on standing for a 
night) by chromate of potash. The dry chromate when 
dissolved in oil of vitriol gives the characteristic colour 
mentioned before. 

242. To practise 

Sta^ Method for extracting Alkaloids from Organic . 

Mixtures. 

Mix, say, 2 centigrams of strychnine with 50 gramma 
of minced, meat Then (in order to extract the alka« 
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loid) digest the mixture in 200 c.c. of alcohol, acidified with 
tartaric acid, on a water-bath, filter, and wash with warm 
alcohol Concentrate the filtrate on a (merely simmering) 
water-bath until the bulk of^the alcohol is gone, and remove 
the fat which will have separated out, by filtration through 
a water-wet filter. Evaporate the filtrate at a temperature 
not exceeding 50** C to the consistence of an extract, which 
then exhaust with absolute alcohoL Filter the alcoholic 
liquor, evaporate to dryness (below 50°), take up the residue 
with water, filter again, if necessary, and shake with chloro' 
form. The chloroform removes fats and other matter, but 
does not touch the alkaloid as long as it is present as an 
acid-salt solution. After removing the chloroform layer, 
add excess of caustic potash, and shake with fresh chloro- 
form. This time the chloroform extracts the alkaloid, 
which separates out in the solid form when the chloroform 
is allowed to evaporate (spontaneously). The residual 
istrychnine is pure enough to be identified by the tests given 
above. 

EXPERIMENTS ON SOME OF THE SUGARS. 

243. Procure specimens of 

(A) White sugar-candy and loaf-sugar, either of which 
jnay be accepted as pure cane-sugar, CuH220u. 

(B) Best commercial grape-sugar — as an apology for 
dextrose.^ Q^yfy^ 

(C) Milk-sugar in crystals ; C12H22OU . HgO. 

And after having compared! them in regard to their 
general appearance, crystalline form, and taste, grind up a 
portion of each in a mortar, and observe the behaviour of 
the powder when treated gfradually with more and more of 
cold water. The solutions obtained should be diluted with 
water to about twenty times the weight of substance, and 
kept for the tests to be given presently. But before doing 
these tests, take separate quantities of (powdered) A, B, C, 
make each into a paste by addition of a little water, and 
ladd 3 — \ volumes of oil of vitriol, and see what takes place. 
Keport on, and remember, your observations. In ord^ 
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now to learn to discriminate between cane-sugar on the 
one hand, and the glucoses ^ QHijOe, on the other, verify 
the following statements with solutions of cane-sugar and 
grape-sugar respectively : 



Beagent. 



Reactions of 



Caae-sngax. 



Qlncose— 

for example, grape- 

Bugar. 



Caustic potash or 
soda. 



Dilute sulphuric or 
hydrochloric acid. 



* Fefdin^s solution^ 



The alkali combines with the sugar into a 
solution of a saccharate, which 



is stable even in the 
heat. 



when allowed to 
stand, and quickly 
on heating, is de- 
composed, with 
formation of in- 
intensely brown 
substances. 



When boiled with 
the reagent, breaks 
up into dextrose 
and levulose (* in- 
vert-sugar^). 



No change even on 
boiling. 



To a given volume of Fehling's solution add 
about four volumes of water, and then a 
few drops of the sugar solution. Allow 
first to act in the cold, and then heat to 
boiling. 



The mixture remains 
unchanged in the 
cold. In the heat 
there is a slight 
turbidity caused by 
CujO formed. 



The glucose is oxi- 
dised slowly in the 
cold, quickly on 
heating; with for- 
mation of a red 
precipitate of cu- 
prous oxide. 



* Dissolve 34*6s grms. of sulphate of copper, CuSOiSH^O ; 273 grms. of 
Rochelle salt, and 70 grms. of caustic soda in water, mix and dilute to z litre. 
The blue liquid produced is capable of oxidising 5 grms. of glucose. 
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Fehling^ test is a most delicate indicator of glucose 
and milk-sugar. After having tried it with the two solii- 
tions named, and with milk-sugar, ^ppiy it to the solution 
of 'invert-sugar' produced in the previous experiment, 
taking care first to saturate the acid with caustic alkalL 

STARCH. 

244. By means of a razor prepare a very thin slice of 
the inner substance of a potato, and look at it under the 
microscope, using a power of, say, 300 diameters. Do the 
same with minute specimens of flour of^ say. wheat, 
maize, rice, and with arrowroot ^ou will have no difficulty 
in seeing the starch granules contained in these materials. 
Moisten each of the specimens with a drop of a dilute 
solution of iodine in iodide of potassium, and place them 
again under the microscope. The starch granules now 
have an intensely blue colour, and thus are more readily 
distinguished from the substances accompanying them. 

To extract Starch from Wheat Flour. — ^Work it up with 
water into a stiff dough, which knead in your hand under 
a thin stream of water. Most of the starch runs away 
with the water as part of a milky liquid, which deposits its 
starch on standing in the shape of a heavy, pasty precipi- 
tate. The gluten (a mixture of albuminoids) remains as 
a sticky, tenacious mass. Wash your starch precipitate 
with cold water by decantation, and use it for verifying the 
following statements : 

Starch is insoluble in (even boiling) ether or strong 
alcohoL It is insoluble in cold water, even when this is 
mixed with a little mineral acid or caustic alkali. In the 
case of alkalinised water, any albuminoids that may be 
present pass into solution, and can be precipitated by 
acidification. 

When heated with about 20 parts of water to 70** or 
higher, it unites with the water into semi-transparent 
colloidal hydrate which, on cooling, sets into a jelly (starch 
paste). The paste readily mixes with additional water, 
especially in the heat. To a thin starch ' solution ' add a 
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drop of iodine solution : the mixture becomes intensely 
blue. The colour disappears on heating, but comes back 
on cooling. 

To another portion of a (not too thick) starch paste add 
about 5 per cent of aqueous hydrochloric acid,* and boil in 
a basin, until a jdrop, when taken out and mixed with iodine 
solution, no longer strikes a blue colour. The solution now 
is one of dextrine, ZJA^O^ and dextrose, CeHi,Oe. Mix 
some of diis solution with alcohol : the dextrine is precipi- 
tated ; the dextrose remains dissolved. Filter, evaporate off 
the alcohol, and apply Fehling's test. 



EXPERIMENTS ON URINE. 

245. Procure a specimen of healthy urine, observe its 
smell, colour, action on test-papers. Determine its specific 
gravity (at 15** C). Report results. 

246. To separate out the uric acid^ add to say 100 cc. of 
the urine 5 cc (^ ordinary hydrochloric acid, and allow to 
stand overnight. Collect the uric-acid precipitate on a 
filter, and wash it with water. To identify it, dissolve a 
little 'of the dried precipitate in a few drops of nitric acid 
on a watch-glass, evaporate to dryness at a gentle heat, and 
expose the residue to ammonia vapours. The residue (if 
it does not already possess it) now assumes the intensely 
violet colour of murexide. 

247. To isolate the urea, concentrate some of the urine 
by evaporation over a water-bath to about one-third of its 
original volume ; allow to cool, and add i — 2 volumes of pure 
nitric acid of 1-4 specific gravity. The urea is trans* 
formed into nitrate, CON2H4. HNO3, which separates out 
gradually in crystals. Collect the crystals on a funnel 
stopped with glass-wool, wash them with small instalments 
of cold dilute nitric acid, dry them on a porous plate. 

248. Dissolve some nitrate of urea (or pure urea) in 
water, add nOrite of fotash and some nitric acid: the 
urea is decomposed with evolution of nitrogen and carbonic 

* HsS04 has the same eflec^ but acts more slowly. 
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acid. Prove the presence of COj in the gas by the lime- 
water test. 

249. Dissolve some nitrate of (or pure) urea in water, add 
mercuric nitrate and enough of baryta-water to produce a 
neutral mixture. The urea is precipitated in the form of a 
white compound of mercuric oxide and urea. 

250. To a solution of pure urea add one of hypohromiie 
of soda:* the urea is decomposed quickly with formation of 
CO, and HjO, which remain in the solution (the former 
as soda salt), and of nitrogen gas which escapes, in accord- 
ance, so far, with the equations: CONjH4-J-3NaBrO « 
3NaBr + C0, + 2HjO + N, and CO, 4- 2NaH0 = H,0 + 
Na,C03. This reaction readily lends itself to the approxi- 
mate determination of the richness of a given sample of 
urine in urea. 

251. To practise this method, take a flask of about lOo 
C.C. capacity, provide it with a well-fitting perforated india- 
rubber * cork,' and, by means of a short glass tube passing 
through the perforation and a piece of capillary india-rubber 
tubing attached to the glass tube, connect the cork with a 
' Mohr*s Burette' turned upside down in a tall cylinder. 
To execute an analysis, charge the flask with 25 cc of 
hypobromite, and then place in it a short test-tube charged 
with (exactly measured) 5 cc. of the urine to be tested, 
taking care that the urine meanwhile does not come into 
contact with the reagent. Immerse the flask up to the neck 
in a beaker charged with water of the temperature of the 
laboratory. On the other hand, fill the cylinder in which 
the burette stands with water (of the same temperature), so 
that, when now the upper end of the burette is connected 
with the flask, the water in the latter stands near the top 
mark. Adjust matters so that after equilibrium of tempera- 
ture has been established, the water in the burette is at a 
level with that in the cylinder outside, and consequently the 
pressiure of the air inside equal to that of the atmosphere, 
as measured by the height of the barometer. Now incline 
the flask so that the urine and the reagent mix and aUow 

* zoo grammes of caustic soda are dissolved in 350 cc. of water, and the (cold) 
soluticm is mixed with 33 c.c. of bromine. 
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the reaction to take its course, taking care to lift the burette 
higher and higher as the nitrogen gas comes ofi^ so as to 
maintain the original pressure within the apparatus. When 
the gas-volume no longer increases, re-establish the original 
temperature^ and pressure^ and read off the level of the 
water in the burette. The difference between this reading 
and the one made on starting, gives the volume of the 
nitrogeil evolved. Supposing this volume to amount to 
V C.C at /* C. the barometer standing at B mm. ; then 
taking v as the numerical value of the tension of vapour of 
water at /°, we have, for the pressure P of the nitrogen, as it 
would be if, without changing the volume Vj the vapour of 
water in it were removed, the value P =« B — r ; and for the 
absolute temperature the number T as 273 + Ij hence the 
volume of the dry nitrogen at the absolute temperature 
T s I®, and the pressure P » i mm. would be 

* 273 + ^ 
But under these conditions, i c.c. of hydrogen (Hj) gas 
weighs .0321 milligrams ; hence i c.c. of nitrogen (N, = 28) 

N 
weighs K)32i X y = -0321 X 14. But Ng = 28 parts of 

•"a 
nitrogen are contained in C0N,H4 = 60 parts of urea ; 

hence the weight of urea present in the sample of urine 

operated upon is W, and 

«. Vx(B-r) 

(273 + /) ^ *^^" ^ Zomgms.; 

and consequently, if * U ' cc of urine were operated upon, 
we have for the number of grammes of urea present in every 
litre of urine analysed, the equation, 

3f =* ?T ^ T-^ ^ X .963. 

U (273 + /) ^ -^ 

So we should say, if the equation ^ven above were a correct 
theory of the process ; but it is not, experiments of Duprd^s 

* This holds more especially for the water in the beaker, because, obviously, 
a slight increase or decrease of temperature there will cause a considerable 
change of total gas-volume. 

F 
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having shewn that only 91 per cent of the nitrogen of the' 
urea is actually liberated. Hence the correct formula is : 

U 273 + / ^^ 

When a long series of urea determinations has to be made» 
it is worth while to reduce the trouble involved in the com- 
putation of this formula to a minimum, by so modifying the 
method as to give both to B (that is, the pressure of the 
moist gas), and also to / constant values* If, for instance^ 
we take care always to make 3 = 760 mncL and /=i5**-5 
(= 60** F.)} «* assumes the constant value of 13 mm., and we 
havo 

V 

This latter equation will be readily understood by even 
those of our readers who have not yet learned to execute 
gasometric calculations, as it is only a symbolic expression 
for saying that (under the circumstances defined, and as« 
matter of experiment), to evolve i cc. [z litre] of nitrogen, 
we must have exactly 274 milligrams [grammes] of urea^ 

It is equally plain that, when we measure off exactly 
274 cc of urine for each asalysis^ we always hspe 

zs Vmmerically 

— that is, the volume of the nitrogen gives the number of 
grammes of urea per litre. 

Diseased «x cantr^ied mih Normal Urine. 

The following notes, although not pretending to give full 
instruction, may serve as a guide in the examination of a 
presumably morbid urine for clinical purposes. 

252. The Smell of normal urine, though subject to 
variations, is never actually nauseous* A putrid smfifl 
(which is generally accompanied by an alkaline reaction) 
constitutes a pathologic symptom. Observe that all urine 
becomes putrid (and alkaline) on standing — except diabetic 
urine, which ferments like other glucose solutions. 
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253. The Colour of normal urine varies from straw- to 
amber-yellow; In certain diseases the urine is intensely 
yellowi yeUowish red, brown, or even black. An abnormal 
colour may be owing to biliary matter, which is discoverable 
by the fc^owing {Pettenkofer's) test : [Remove the albumen, 
if present] Add a drop of dilute sulphuric add^ and a trace 
of cane-sugar, and evaporate at a gentle heat ; the cholalic 
add present in the bile will cause a violet or red coloration. 
— It is as well here to add that very abnormal colours may 
he produced in healthy urine by the internal administra- 
tion of certain drugs, such as rhubarb^ senna^ logw@od^ 
santonine, 

254w Action on Teat-Papers.— iV^/Ts^ uri&e as a 
rule colours blue litmus-paper r^d ; sometimes it is neutral 
A& alkaline reaction very rarely presents itself, and, if it 
does, is owing Xo fixed ailkalL An alkaline reaction in fresh 
urine caused by carbonate of ammonia is a morbid symptom 
(compare sect 252). To test an alkaline urine for carbonate 
of ammonia, evaporate it in a basin over a water-bath ; the 
alkaline reaction soon disappears. 

255. Relative Clearness.'— iV<7rwa/ urine as voided is 
clear J but on standing for some hours it deposits a cloud of 
epithelial scales from mucous membranes. Other organised 
dqposits hardly ever occur under normal conditions; 
although non-organised precipitates oftea appear on stand- 
ing. In diseased urine, deposits are of frequent occurr 
rence, and sometimes a precipitate is present even from 
the first 

, 256. The following is a fist of the more frequent conii^ 
ponents of urinary deposits r 

(n) Fkospkate of Ume^ CasF^Og+zAq^ — Always amorphoii& 
Kon-coinbustibie. Solttble ia acetic add ; solution is predpitsted 
l^ oxalic add. Nitric solution of ash giv«s the molybdenum test 
far PjOb (sect 72). 

(2) 'THpU Phosphate; Mg.NH4.P04+6H,0.— When viewed 
micDoscopically, fbmid to consist of distinct crystals. Non-comr 
hnstible. Soluble in acetic add; solution gives no predpitate 
yn&k oxalic add. Nitric solution gives the molybdenum test 
(sect 72). 
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(3) Oxalate of Ume^ CaC,04 + H,a~Whai ^ewed micio* 
soopically, foond to consist of aystals. Soluble in hjdio* 
chloriCy but insoluble in acetic acid. Ash consists of pure CaO or 
CaCO» 

(4) Uric Acid, C^J^jy^, fonns generally a reddish precipitate 
consisting of microscopic aystals. Insoluble in hydrochloric acid. 
Recognisable by morezide reaction given in sect 246. 

(5) Urates of soda, ammonia, potash, appear sometimes as 
amorphous^ sometimes as crystalline precipitates. The former 
(which are very common) dissolve when the nrine, is gentJy 
warmed. Hydrochloric add eliminates (a precipitate oil) uric 
add. 

(6) Cystine, CfH^NSO^* — ^Microscopic crystals^ generally of the 
fonn of hexagonal plates. Insoluble in acetic add, but soluble in 
ammonia, from which it separates out, on spontaneous evaporation, 
in magnificent lustrous plates. When (used with caustic potash on 
(cupriferous) silver foil, it produces a black stain, of "*fftfl11ic 
sulphide. 

Of organised deposits we may mention : 

(7) Casts of uHmferous tubes, 
^8) Blood corpusclesm 

(9) Pus corpuscles. 

These (7, 8 and 9 ; also 10) occur only in morbid urines ; they 
can be recognised under the microscope. Occasionally 

(10) FcU globules make their appearance. These do not settle ; 
they are easily extracted by shaking with ether. The ethereal 
layer, when allowed to evaporate spontaneously, leaves the fat. 

257. To examine a urine deposit, allow the urine to stand 
in a conical test-glass ; wait until the precipitate has settled ; 
iand next, by means of a pipette, lift out a portion of the 
lowest turbid stratum, of which place a small sample under 
the microscope. With some practice, there is no diffi- 
culty in discriminating between amorphous^ crystalline^ and 
organised things, and after considerable experience with 
well-authenticated specimens, it is possible even, to some 
extent, to recognise the several individual things above 
named by their morphologic characters. After having done 
so as far as possible, treat separate portions of the magma 

* Occurs very rarely and only in certain diseases. 



MORBID urine: S$ 

with acetic acid, hydrochloric acid, ammonia ; again apply 
the microscope, and interpret your observations. When 
there is a sufficient quantity of material, collect it on a 
filter, wash it with cold water, and apply to it the ordinary 
methods of analysis. 

258. Degree of Concentration, — In normal urine, the 
specific gravity (as referred to water = looo) ranges from 
1015 to 1025 ; but it occasionally rises as high as 1036.* 
Approximately, the excess of the specific gravity over 1000^ 
multiplied by 2, gives the number of grammes of solids per 
litre; thus, for instance, the density 1036 corresponds to 
2 X 36 = 72 grammes of solids per litre. Of these, in normal 
urine, one-half about consists of urea, the rest of chlorides, 
sulphates, phosphates of the bases K2O, NagOyCaO, MgO ; 
of uric acid, urates, and numerous minor organic com- 
ponents. Compared with the ratio of total solids to water, 
the quantitative composition of the solids is relatively con- 
stant. Hence a high specific gravity, in general, indicates 
a high percentage of urea ; sometimes it is so high, that 
nitric acid, when added to the plain urine, precipitates the 
urea as nitrate (comp. sect. 247). A high specific g^vity, 
combined with a very light colour and comparative absence 
of smell, indicates sugar. 

259. Of abnormal dissolved constituents, dextrose and 
albumen are the most important Neither of them ever 
occurs in healthy urine, hence their presence always proves 
a diseased condition of the system. 

260. The detection of sugar is easily effected by means 
of the tests given in the table, sect. 243, to which we will 
add the following as being particularly handy for medical 
practitioners : Add to the suspected urine a few drops of 
carbonate of potcLsh solution, and a pinch of ordinary tris- 
nitrate of bismuth^ and heat to boiling. In the presence 
of^the least trace of sugar, the originally white precipi- 
tate assumes a brown or black colour. Before applying 
this test, one should make sure of the absence of 

* Robcrts^s Practical Treatise on Urinary ^ 6^« Diseauu 
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snlfdiaretted hydrogen, but this substance occurs ia urine 
mly in the xaie case of eysiom. 

26L AlbtunexL — ^To test for albumen, make sure that 
the urine is not alkaline j if it is, neutralise it with acetic 
acid. Heat to boiling. A coagulum formed consists of 
albumen or earthy phosphates. To discriminate between 
these, add a few drops of nUrtc acid; the phosphates 
dissolve, the albumen remains. Or shortly : hesft to boiling*, 
and acidify strongly with nitric acid. A pgrmanent pre* 
cipitate is sure to consist of albumen. 
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CHAMBERS 'S EDUCATION AL COURSE. 

STANDARD READING-BOOKS, lUustrated. s. d. 

Alphabet Sheet, on strong board. 6 

Intant School Reading-Sheets. In 14 sheets each 1 

I^rimer, Part L sewe(^ l^d.; also in limp cloth 2A 

Primer, Part U 3 

Tirst Standard Readin|j-Book 6 

Second Standard Readmg-Book 8 

fThird Standard Reading-Book. 1 

Fonrth Standard Reading-Book 1 2 

Fifth Standard Reading-Book. 1 4 

Answers to tiie Arithmetical Exercises in the Standards 6 

Poeticeil Gleanings. •. 1 

€hort Stories, for Standard Y., First and Second Series. ..each 1 

Literary Reader, for Standard YI 1 6 

NATIONAL READING-BOOKS, lUiutraUd. 

National Reading-Sheets. In 16 sheets each 1 

2.6 Sheets on 8 boards » 6 

ITational Primer, Step L Id ; also in large t3rpe, l^d. ; Step 11. 3 

First National Readin|j-Book. 6 

Second National Readmg-Book 8 

Third National Reading-Book. 1 

Fourth National Reading-Book 1 6 

Fifth National Reading-Book 2 

Sixth National Reading-Book 2 6 

'Girls' Reading-Bpok, in three piuiis, eadi 6d.; in one vol 1 6 

ENGLISH. 

Tir^ Book of Reading, Mt00(2 Ij^ 

Second Book of Readmg, n 3 

Simple Lessons in ReacGng 8 

Rndiments of SInowledge 8 

Lesson Book of Common Things and Ordinary Conduct 8 

Spelling Book, in three parts, l^d. 6d. and 6d.; also in 1 vol... 1 

Spelhng Vocabulary 6 

Moral Class-Book 1 6 

Composition, Introduction to, stiff wrapper, 4d. ; cloth 6 

Grammar, Introduction to 6 

Grammar and Composition 1 6 

^Narrative English Grammar, sewed, 4d. ; cloth 6 

Practical English Grammar 1 

Etymology, Exercises on. 2 

Elocution, Principles of 2 6 

History of Et^lisn Language and Literature 2 

Etymological English Dictionary 4 

Rmes for Paraphrasing. 4 

Synthetical Structure of Sentences. 6 

Friendly Advice to Pupil-teadiers 4 

^Headings in English Prose 2 

Poetry 2 

Literature 3 C 

Class-book of Science and Literature 3 

Kindness to AniTTinlg X 6 



CHAMBERS'S ESUOATIOITAL COXTSSE-continuedi 

WKiTIbra AND DEAWINa ,. di 

Post Copy-Books, in 15 Nos. ^ each 6 

Poolflcap Copy-Books, in 14 Nos <r 2 

Copy Linea, iS'oa. 1 to 12 » 4 

Graduated Writing-Sheets, Nos. 1 to 16 r 2 

Sreehand Drawing. First Grade— Elementary 1 O 

— ^— — — — II It — ^Adyanoed...^ 1 O 

■ Second Grade. -..« 2 

KrBt Book of Drawing, Is.; or in two parts, »eweoL eadi 4 

Second Book of Drawing 1 

Drawing Books, Frogressive, in 18 Books, tewed. each 1 6 

Hechanical Drawing, in 3 Books, seioed ^ n 1 6 

Ardhiteotural Drawing in 3 Books, « ^ n 2 

iKunetrioal Drawing, in 2 Books, « ».«...•....«.......«..... » 2 



GEOGRAPHY. 

Qeographieal Primer..^ 6 

Standard Geography, in 4 parts, 2d. each ; doth, 3d.; in 1 toL 1 

England, GeographicMtl Text-Book of 9 

Bootlandi, Standard Geography of, with Map 4 

Seriptore Geography, -Text-Book of 10 

Elements of Fhyncal Geography...., 1 

Standard Physical Geography, od. ; doth 4 

Outline Maps, 16 in a wrapper. 1 6 

Or separately,^ folio, 2d. ; quarto. Id. each. 
LARGE SCHOOL-BOOM MAPS (5 ft. 2 in. long, by 4 fk 

6 in. broad), nine, each moui^d (or varnished, 2s. extra)„.12 

The Hemispheres, mounted (or varnished, 2s. extra) .....18 

School Wall-Map of the World. £1 1 

Atlas of Europe, containing 13 quarto Maps 6 

Sixpenny Atlas, consisting of 16 octavo Maps^ « 6 

Primer Atlas, consisting ra 11 quarto Maps. ^ 2 

School Atlas, consisting of 32 quarto and 3 folio Maps. 5 



HISTORY. 



% 



Andent History. 2 6 

Medieval History 3 

Modem History 3 6 

History of Andent Greece 2 6 

History of Rome 2 6 

History of the British Empire 2 

English History, Leading Events in 1 

Or,PartL6d.; Part IL Is. 

History of Scotland 1 6 

Questions and Answers on British History. 1 Q 

j!naice, its History and Revolutions (^S^^Aoo^ ^(dition) 2 6 

Biography, Exemplary and Instructive 2 

^storical Questions, with Answers 2 6 

fiistorioal and Miscellaneous Questions, with Answers 4 Q 



CHAMBERS'S EDXTOATIOITAL OOUBJBE-i^tmutcL 

ABITHMEnC AND MATHEMATICS. 

Sewed, CletJL 
Arithmetical Exercises, by Johk S. ]i£AOKAT, HA. — *. d. s. d, 

Pabt L The Simple Rtdes li 2i 

IL Compotuid Rtdes (Money) iJ 2i 

m. Compoimd Rules rWeights & Mea8nreB).....0 l| 2J 

rv. Practice, Bills of Parcek, &a \\ 2j 

Y. Proportion & Yulgar & DedmidFractions. .0 I 

The above Five Parts in One Yolnme, Is. ; Answers to & 

Arithmetical Exercises, by J. S. Mackat, M.A. Adapted to 
the requirements of we Scotch Code. Standards X. iL TTT 

each ijd. ; Answers 1;o i J 

Tables of the Metric System, on large wall sheet ^ 

Arithmetic, Introduction to ,....«,.•« 1 ^ 

Adyanced Treatise, 2s.; Key ta......«..^ 2 (► 

National Arithmetical Test Cards. Six Packets. Price 9d. 

each in paper coTer; in doth case ^ 1 

Standard Anthmetioal Test Cards. Six Packets each 5 

Mddle-dass rr » r ............. r> 6 

Book-keeping by Single and Double Entry 1 & 

by Single Entry 1 () 

• — ■ two Ruled Paper Books for Single £^try, sewtd 1 ^ 

— — two Ruled Paper Books for Double Entry, « \ % 

Transactions in, by Single and Double Entry.... 6 

Questions in Book-keeping, with Answers. 1 & 

Parm Book-keeping sewtd & 

Standard Algebra, Part L 3d.; Part 11. 3d.; Part IIL 6d.; 

or in 1 vol.. Is. ; Answers & 

Algebra, Theoretical and Practical, 2s. 6d.: Key to. 2 S 

Exercises and Problems in Algebra, with Answers 2 

■ without Answers 1 

Plane Geometry, wvaed^ Is.; c^od/i. Is. 6d. ; Key. 2 

Explicit Eudid, 2s. ; Key , 2 

Books L and n. 4d. ; Books TSL and lY * 4 

Geometrical Chart— measuring 3 ft. 4 in. by 2 ft. 4 in. 2 6 

Solid and Spherical Geometry. 1 & 

Mensuration of lines. Surfaces, and Yolumes. 1 5 

Exercises on Mensuration, forming Key to Mensuration 2 

Practical Mathematics, 3s. 6d. ; Key. 3 6 

Mathematical Tables „ 4 6 

Trigonometrical Tables ...*•... 1 6 

SCIEKCE. 
ficienee Manuals — 

Animal Physiology, by Prof essor M^Kendiiok 1 (( 

Astronomy, by A. Fihdlater, LL.D 10 

Chemistry, by Prof essor Omm Brown 1 

Geology, by James Geikie, LL.D 1 

Historiod Geolo£^, by James Geikie, LLJ>.; 1 

Language, by A, Tuwfiater, LLD 10 

Magnetism and Electricity, by J. Cook, M.A. 1 

Mythology, by A. S. Murray, British Museum....;. 1 

Soimd, by John Cook, M.A. 1 

-Zoology, by Andrew "Wilson, Ph.D. 1 ^ 



OHAMBEBS'S EDUCATIONAL OOITBSE-^on^mued. 

BClENCEr'-eonHnuecL x. d. 

Introduction to the Sciences 1 

Laws of Matter and Motion.^ 10 

Mechanics 1 

Sdentifio Beader.... 2 

Practical Chemistiy, by Dr & Macadam. 2 6 

Ihorganio Chemistiy, hy Professor Wilson 4 

Zoology. 2 6 

Standard Animal Physiology. New Edition, By A. Wilson, 

Ph.D. Parts L and IL each 2d. ; Part IH 6d. ; or in 1 voL 1 
Standard Animal Physiology. Previous Edition, Pt L 2d. ; 

Part IL 6d. ; or in 1 vol 9 

Testable Physiology. 1 6 

Poktical Economy 1 6 

Mscellaneons Questions, vith Answers. 2 6 

Electricity, by Dr Peignson. 3 6 

Scientific Charts-^ 

^eet L Matter and Motion, Is. 6d. ; 2 & 3, Mechanics, each 1 6 

Each sheet mounted on rollers, 4s, 6d. ; varnished. 5 6 

I*ATIN. 

Biiddiman*s Latin Bndiments.. 10 

Latin Grammar, Elementary, ^ ; Advanced Grammar. 4 

Latin Exercises, Elementary, Is. 6d. ; Advanced Exercises... 2 6 

Key to Advanced Latin Exercises 2 

Ph»dnis*s Fables. 1 6 

Nepos. 2 

Caesar 2. 6 

Sallnst. : 1 6 

Qtuntns Cartixis 3 

Ovid. 3 

Horace 3 

Virgil— Bncolics, and JEneid L to VL 3 

-fineid. Book VIL 3d. ; Book IX. 3 

livy 3 

Latm Dictionary.. 6 

■ Latin-English Part: Enj^-Latin Part each 3 6 

GEBMAN. 

^Blrst German Beadin^f-Book. 1 6 

Second German Beadmg-Book. 2 6 

German Grammar, Elementary, Is. 6d. ; Advanced Grammar.. 3 

English-German Phrase-book 1 6 

German Dictionary, German and En^^h 6 

German-English Part ; English-German Part each 3 6 

Dictionary of German Qynonyms. 1 6 



MINOR EDUCATIONAL COUESE. 

4. Grammatical Primer. l^d. 

5. Outlines of Geography..... ijd. 

6. History l|d. 

Orin I Vol, iWUhaut Anstoers), U, 



X, Introduction to Beading... l^d« 

2L Beading Lessons. lAd. 

3. Arithmetical Primer.. l|d. 

Answers to do li 



